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WELLBORE CASING 
Crow Reference To Belated Applications 

This application daims the benefit of the filing date of U.S. Provisional 
Patent Application Serial Number 80/11 1,293* attorney docket number 25791.3, 
filed on 12/7/1998, the disclosure of which ia incorporated herein by reference. 
Background of the Invention 
Thia invention relates generally to wellbore casings, and in particular to 
wellbore r***"^ that are formed using expandable tu bin g. 

Conventionallj, when a wellbare is created, a number of casings are 
5 installed in the borehole to prefect collapse of the borehole wall and to prevent 
undesired outflow of drilling 

formation into the borehole. The borehole is drilled in intervals hereby a casing 
which iatobe installed inalower borehole interval iabwwed through a jweviouafy 
installed casing of an upper borehole interval. As a consequence of this procedure 

10 the casing of the lower interval is of smaller diameter than the casing of the upper 
interval. Thus, the casings are in a nested arrangement with casing diameters 
decreasing in downward direction. Cement annuli are provided between the outer 
surfaces of the eatings and the borehole wall to seal the casings fiom the borehole 
walL As a consequence of this nested arrangement a relatively large borehole 

15 diameter is required at the upper part of the wellbore. Such a large borehole 
diameter involves increased costs due to heavy casing Knnr^rng equipment, largB 
drill bits and increased volumes of drilling fluid and drill cuttings. Moreover, 
increased drilling rig time is involved due to required cement pumping, cement 
hardening, required equipment changes due to large variations in hole diameters 
20 drilled in the course of the well, and the large volume of cuttings drilled and 
removed. 

The present invention is directed to overcoming one or more of the 
limitations of the existing procedures for farming new sections of casing in a 
wellbore. 

25 Summary of the Invention 

According to one aspect of the present invention, a method of forming a 
wellbore casing is provided that includes installing a tubular liner and a mandrel 



fn the borehole injectingfluidic material into the borehole, and radially expanding 
the linpr in the borehole by extruding the Hner off of the mandreL 

According to «nnthpr aspect of the present invention, a method of forming 
a weHbore e g gin g is provided that includes drilling out a new section of the 
5 borehole a4jacentto the already existing casing. A tabular liner and a mandrel are 
then placed into the new section of the borehole with the tubular liner overlapping 
an already existing casing A hardenable fluidic sealing material is objected into 
an annular region between the tubular liner and the new section of the borehole. 
The annular region between the tubular finer and the new section of the borehole 
10 is then fluididy isolated from an interior region of the tubular liner below the 
mandrel A non hardenable fluidic material is then injected into the interior 
region of the tubular liner below the mandreL The tubular hnar is extruded off of 
the mandreL The overlap between the tubular liner and the already existing 
casing is sealed. The tubular liner is supported by overlap with the already 
15 existing casing. The mandrel is removed from the borehole- The integrity of the 
seal of the overlap between the tubular liner and the already existing casing is 
tested. At least a portion of the second quantity of the hardenable fluidic sealing 
material ia removed from the interior of the tubular liner. The remaining portions 
of the fluidic hardenable fluidic ^Ht^ material are cured. At least a portion of 
20 cured fluidic hardenable sealing maierial within the tubular liner is removed. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, a 
mandrel, a tubular member, and a shoe. The support member included a firstfluid 
passage. The mandrel is coupled to the support member and includes a second 
25 fluid passage. The tubular member is coupled to the mandreL The shoe is coupled 
to the tubular liner and includes a third fluid passage. The first, second and third 
fluid passages are operably coupled. 

According to another aspect of the present invention, an apparatus for 
ex panding a tubular member is provided that includes a support member, an 
30 CTpandfW" tnnndn^ *- tabular member, a shoe, and at least one sealing member. 
The support member includes a first fluid passage, a second fluid passage, and a 
flow control valve coupled to the flrst and second fluid passages. The expandable 



-2- 



mandrel is amplgd to th^gnjynrt mgmhgnnT»H inctades a third fluid passage. The 
tubular mrnnhpr is coupled to the mandrel and includes one or more sealing 
elements. The shoe is coupled to the tubular member and inehidea a fourth fluid 
passage. The at least one sealing member is adapted to prevent the entry of 
5 foreign material into an interim re gion of the tubular member 

According to another aspect of the present invention, a method of >nidng 
a second tubular member to a first tubular member, the first tubular member 
having an inner diameter greater than an outer diameter of the second tubular 
member, is provide that inctades pea 
10 of the second tubular member. A portion of an interior region of the second 
tubular member la pressurized ami tte 
the man drel into engagement with the first tubular member. 

According to another aspect of the present invention, a tubular liner is 
provided that ineh idea an annular member having one or more sealing member s 
16 at an end portion of the annular member, and one or more pressure relief passages 
at an end portion of the annular member. 

According to another aspect of the present invention, a wellbore casing is 
provided that includes a tubular liner and an fmmih^ body of a cured fluidk 
sealing material. The tabular liner is formed by the process of extruding the 
20 tubular linar off of a mandreL 

According to another aspect of the present invention, a tie-back liner for 
lining an existing weDbore casing is provided that mdudes a tubu^ 
annular body of cured ft rirtir sealing material The tubular finer is formed by the 
process of extruding the tubular finer off of a mandreL The annular body of a 
25 cured Quidk sealing material is coupled to the tubular liner. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, a 
mandrel, a tubular member and a shoe. The support member includes a firstfluid 
passage. The mandrel is coupled to the support member. The mandrel includes 
30 a second fluid passage operahjy coupled to the first fluid passage, an interior 
portion, and an exterior portion. Hie interior portion of the mandrel is diflla bt a 
The tabular member is c The shoe is coupled to the tubular 
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member- The shoe r™-*"H«»ft a third fluid passage operabry coupled to the second 

fluid passage, an interior portion, and an exterior portion. The interior portion of 

theshoeisdrillable. 

Brief Description of tlic Drawings 
5 nG.lisafragmentarycro^^ 

section of a well borehole. 

FIG. 2 is a fragmentary crosa-sectional view illustrating the placement of an 

embodiment of an apparatus for creating a casing within the new section of the 

well borehole. 
10 KG. 3 Ua fragmentary cro^^ 

first quantity <rf a hardenable fluidk sealing material into the new section of the 

well borehole. 

FIG. 3a is another fragmentary cross-sectional view ulu^rating the ii^Jedion 
of a first quantity of a hardenable fluidic sealing material into the new section of 
15 the well borehole. 

FIG. 4 is a fragmentary cross-sectional view illustrating the injection of a 
second quantity of a hardenable fluidic sealing material into the new section of the 
well borehole. 

FI G. 5 is a fragmentary cross-sectional view illustrating the drilling out of 
20 a portion of the cured hardenable fluidic sealing material from the new section of 
the well borehole. 

FIG. 6 is a cross-sectional view of an embodiment of the overlapping joint 
between adjacent tubular members. 

FIG. 7 is a fragmentary cross-sectional view of a preferred embodiment of 
25 theapparBtus for creating a casing within a well borehole. 

FIG . 8 is a fragmentary cross-sectional illustration of the placement of an 
expanded tubular member within another tubular memb er. 

FIG. 9 is a cross-sectional illustration of a preferred embodiment of an 
apparatus for forming a casing including a driDable mandrel and shoe. 
30 FIG. 9a is another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. A) is another cross-sectional illustration of the apparatus of FIG. 9. 
FIG. 9c is another cross-sectional illustration of the apparatus of FIG. 9. 
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HO. 10a is a cross sectional ffinstzatkm of a weUboae ™- V!t tie a pair of 
adjacent overlapping casiojpi 

FIG. 10b is a croes-eectkmal illustration of an apparatus and method for 
creating a tie-back liner using an expendible tabular in^ 
5 PIG. lOcisacross-sertionaiilh^ 

material into the annular region between the tabular member and the existing 
casing. 

FIG. lOd ia a croas- flftctinnM fflnatratkm of the preasarixing of the interior 
of the tubular member below the mandrel 
10 FIG. lOe ia a caroa se ct ional fflustratkm of the extrusion of the tubular 
member off of the mandrel 

FIG. lOfisacroaMecttopalilhiatn^kmcrf 
out the Bhoe and packer. 

FIG. lOg is a ooas-aectkmal illustration of the completed tie-back liner 
15 created using an expandable tubular member. 

FIG. 11a is a fragmentary croawectional view ilhistrating the drilling of a 
new section of a well borehole. 

FIG. lib is a fragm en tary cross-eectional view ffluatratmg th* plA^rwnt of 
an embodiment of an apparatus for hanging a tubular Uner within the new section 
20 ofthe wen borehole. 

FIG. 11c is a fragmentary croeen»ctkmd 
a first quantity Qfahardenahle On 
well borehole. 

FIG. lid is a fragmentary cross-sectional view illustrating the introduction 
25 of a wipCT dart into the new section of to 

FIG. llfiUafragxnentarycrosMedion^ 
i second quantity of a hnrrtrmnhln flnfdiri pealing material lalu Lhu now uocliun of 
the well borehole* 

FIG. 1 If ia a fragmentary cross-sectional view fflnstrating the completion 
30 of the tubular liner. 



Detailed Description of the IDnstrative Embodiments 
An apparatus and method for forming a wellbore casing within a 
subterranean formation is provided. The apparatus and method permits a 
wellbore casing to be formed in a subterranean formation by placing a tabular 
5 member and a mandrel in a new section of a weUbore, and then extruding the 
tqhnfo* member off of die mandrel by pressurizing an interior portion of the 
tubular member. The apparatus and method further permits adjacent tabular 
members in the wellbore to be joined using an overlapping joint that prevents fluid 
and or gas passage. The apparatus and method further permits a new tubular 
10 member to be supported by an existing tabular member by expanding the new 
tubular member into engagement with the existing tubular member. The 
apparatus and method further m^™*™* the reduction in the hole size of the 
wellbore /^g^g necessitated by the addition of new sections of wellbore casing. 
An apparatus and method for forming a tie-back liner using an expandable 
15 tubular member is also provided. The apparatus and method permits a tie-back 
liner to be created by extruding a tubular member ofTof a mandrel fay pressurizing 
and interior portion of the tubular member. In this manner, a tie-back liner is 
produced. The apparatus and method further permits adjacent tubular members 
in the weuborc to be joined using an overlapping joint that prevents fluid and/or 
20 gas passage. The apparatus and method further permits a new tubular member 
to be supported by an existing tubular member by expanding the new tubular 
member into engagement with the existing tubular member. 

An apparatus and method for rrpnndfog * tubular member is also provided 
that includes an expandable tubular member, mandrel and a shoe. In a preferred 
25 embodiment, the interior portions of the apparatus is composed of materials that 
permit the interior portions to be removed using a conventional d rilli n g apparatus. 
In this manner, in the event of a malfunction in a downhole region, the apparatus 
may be easily removed. 

An apparatus and method for hanging an expandable tubular liner in a 
30 wellbore is also provided. The apparatus and method permit a tubular liner to be 
attached to an existing section of casing. The apparatus and method further have 
application to the joining of tubular members in general. 
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Referring initially to Figs. 1-5, an embodiment of an apparatus and method 
for forming a weflbore casing within a subterranean formation will now be 
described AsflhislaratedinRg-l^awttllbore 100 is posttk>ned in a sabterranean 
formation 105. Th» weDboro 1 m *nrhnirfr OT TftwH rrprtitm 110 baring a 

5 tubular casing 115 and an Trmnipr outer layer of cement 120 . 

In order to extend the weHbore 100 into the subterranean formation 105, 
a drill string 126 is used in a well known manner to drill oat material from the 
subterranean formation 105 to form anew section 130. 

As iDuatrated in Fig. 2, an apparatus 280 far forming a wellbore casing in 
10 a subterranean faring 

100. Tfre apparatus 200 preferab^ 

tubular member 210, a shoe 215, a lower cup seal 220. an upper cup seal 225, a 
fluid passage 230, a fluid passage 235, a flnM passage 240 t seals245 t aiidasuppoTt 
member 250. 

15 The expandable mandrel 205 is coupled to and supported by the support 

memb er 250. The expandable mandrel 205 is preferably adapted to controllabry 
expand in a radial direction. The expandable mandrel 205 may comprise any 
number of conventional cammercialfr available ** y*™a nKu mandrels ww^hh in 
accordance with the teachings of the present disclosure. In a preferred 

20 embodiment, the expandabl e mandrel 205 comprises a hyflranHc espanajp n tool aa 
disclosed in VS. Patent No. 6,848,095, the contents of which are incorporated 
herein by reference, modified in accordance with the teachings of the present 
disclosure. 

Tie tubular member 2 10 is supported by tha expandable mandrel 205. The 

25 tubular member 210 is 

e xpandable mandrel 205. The tabular member 210 may be fabricated from any 
number of conventional commeroaUy available materials such as, for example, 
OilfieM Country Tubi^ OT 
plastic tubing/casing. In a preferred embodiment, the tubular member 210 is 

30 fabricated from OCTG in order to maximise strength after «» pi>nff iftTi The inner 
and outer diameters of the tubular member 210 may range, for example, from 
appxoxinmtely0.75to« In a preferred 



embodiment the inner mt * diameters of tubular member 21 Q from 
about 3 to 16 £ fr^ W and 3.5 to 16 inches* respectively in order to optimally 
provide ™*nfrn<>i telescoping effect in the most commonly drilled wellbore sizes. 
The tu bular member 210 preferably comprises a solid member. 
5 In a prefmv d embodiment, the end portion 260 of the tabular member 2 10 

is slotted, perforated, or otherwise modified to catch or alow down t2»maiidrel205 
when it completes the extrusion of tubular member 210. In a pr e fe rred 
embodiment, the length of the tubular member 210 is limited to minimize the 
possibility of budding. For typical tubular member 210 materials, the length of 
10 the tabular member 210 is preferably limited to between about 40 to 20,000 feet 
in length. 

The shoe 215 is coupled to the expandable mandrel 205 and the tubular 
member 210. The shoe 215 includes fluid passage 240. The shoe 215 may 
comprise any number of conventional commercially available shoes such as, for 

16 example, Super Seal II float shoe, Super Seal II Down-Jet float shoe or a guide shoe 
with a sealing sleeve for a latch down plug modified in accordance with the 
fra r bfo gtt of the present disclosure. In a preferred embodiment, the shoe 216 
cxrmprises an ahimimim down-jet guide shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TX, m o di fi ed in 

20 accordance wit* ft™ dun g» nfthg present diadomre, in order to optimally guide 
the tubular member 210 in the weUbore, optimally provide an adequate seal 
between the interior and exterior diameters of the overlapping joint between the 
tubular members, and to optimally allow the complete drill out of the shoe and 
plug after the completion of the cementing and expansion operations. 

25 In a pnrferred embodiment, the shoe 215 includes one or more through and 
side outlet ports in fluidic communication with the fluid passage 240. In this 
manner , the shoe 215 optimally injects hardenable flnidic sealingmaterial into the 
region outside the shoe 215 and tubular member 2 10. In a preferred embodiment, 
the shoe 215 includes the fluid passage 240 having an inlet geometry that can 

30 receive a dart and/or a ball eeaHng member. In this manner, the fluid passage 240 
can be o|>timalry sealed offby introducing a phj^ dart and/or baU 
into the flirid passage 230. 

.8- 
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The lower cup ocal220 is coupled to and supported by the support member 
260. The tower cup seal 220 prevents foreign matarial* from pntA r^ tfo interior 
region of the tubular member 210 adjacent to the expandable mandrel 205. The 
lower cap seal 220 may comprise any number of conventional commercial^ 
6 available cap seals such as, for example, TP cups, or Selective Injecti on Packer 
(SIP) CUPS modified in afrrtTT!ymf» with tha tearfmigw nf th» pr***»™t ^ jffffoflurp 
a preferred embodiment, the lower cup seal 220 comprise* a SIP cap teal, av ai l ahk 
from Halliburton Energy Services in Dallas TXmorto 
material and contain a body of hibrieant, 
10 The upper enseal 225 is coupledtoa^ 
250. The upper cup eeal 225 prevents fo^ 

region of the tubular member 210, The upper cop seal 225 may comprise any 
number of conventional commercially available cup seals such ftff. lor example, TP 
cups or SEP cups modified in accordance with the of the present 

15 disclosure. In a preferred embodiment, the upper cup aeal 225 comprises a SIP 
cup, available flPomHalHh^ 

block the entry of foreign materials and contain a body of lubricant. 

The fluid passage 230 permits fluidic materials to be transported to and 

from the interior region of the tabular member 210 helowthtt«TpQiMi«hi« mandrel 
20 205. The fluid passage 230 is coupled to and positioned within the support 

member 250 and the expandable mandrel 206. The fluid passage 230 preferably 

extends from a position adjacent to the surface to the bottom of tha fticp^dable 

inandrel2Q5. The fluid passage 230 is prefera^ 

the apparatus 200. 
26 The fluid passage 230 is prefer^ 

operation, to transport materials such as drilling mod <g formation fhrids at flow 

rates and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 

pal in order to mmhnixe drag on the tabular member being top and to mi^hnw^ 

surge pressure* exerted to the v 
30 and lead to hole collapse. 

Thefluidpaaaags235permitoflaiu^ 

passage 230. In this manner, (hning placement of the apparatus 200 within the 
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new section 130 of the wellbore 100, flnidie materials 256 forced up the fluid 
passage 230 can be released into the wellbore 100 above the tabular member 210 
thereby minimizing surge 

235 is coupled to and positional within the support member 250. The fluid 
5 passage is further fluidkly coupled to the fluid passage 230. 

The fluid passage 235 preferably includes a control valve for controUabry 
opening and closing the fhiid passage 235. Ina preferred embodiment, the control 
valve is pressure activated in order to controUably minimi surge pressures. The 
fhiid passage 235 is preferably posrtioi^ 
10 of the apparatus 200. 

Tta fluid pasaa^ 235 is prderabtyse 
flow rates and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 
9,000 pai in order to reduce the drag on the apparatus 200 dazing insertion into 
the new section ISO of the wellbore 100 and to minimise surge pressures on the 
15 new wellbore section 130. 

Hie fluid passage 240 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 210 and shoe 215, The fluid 
passage 240 is coupled to and positioned within the shoe 215 in fluidic 
communication with the interior region of the tubular member 210 below the 
20 ezpandabte mandrel 205. The fluid passage 240 prefers^ 

aha pa that permits a^phigi or other similar davice. to be placed in fluid paaaafle 240 
to thereby block further passage of fluidic materials. In this nianner, the interior 
region of the tubular member 210 below the expandable mandrel 205 can be 
fluidicly isolated from the region exterior to the tubular member 2 10. This permits 
25 the interior region of the tubular member 210 below the expandable mandrel 205 
to be pressurized. The fluid passage 240 is preferably positioned sub s t antiall y 
along the centeriine of the apparatus 200 . 

The fluid passage 240 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures r anging from about 0 
30 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally fill the annular 
region between the tabular member 210 and the raw section 130 of the wellbore 
100 with fluidic materials. In a preferred embodiment, the fluid passage 240 
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includes an inlet geometry that can receive a dart and/oar a ball sealing member. 
In this manner, the fluid passage 240 can be sealed off by introduce 
and/or ball aeaung elements into the fluid passage 230. 

The seals 245 are coupled to and supported by an end portion 260 of the 
5 tabular member 210. Tiieaeala 245 are further p^ 
of the end portion 260 of the tabular member 210. The seals 245 permit the 
overlapping joint between the end portion 270 o 

26X) of the Uibular member 210^ The seals 246 may comprise 

any number of conventional commercially available seals audi aa, for example, 
10 lead, rubber. Tteflon^ 

thepreeentdiackwure. In a preferred «mhodrmpnt, the seals 24S are molded from 
Stratalockepo^availab^ 

to optimally provide a load bearing interference fit between the end 260 of the 
tubular member 210 and the end 270 of the existing casing 115. 

15 In a pjefimed embodiment the seals 245 a^ 

a sufficient frictional force to support the expanded tubular member 2 10 from the 
existing casing 115. In a preferred embodiment, the frictional foix* optunauy 
provided by the seals 245 ranges from about 1,000 to 1,000,000 Ibf in order to 
optimally support the expanded tubular member 210, 

20 The support menu^ 25^ 

member 210, shoe 215, and seals 220 and 225. The support member 250 
preferably coropises an annular m 

apparatus 200 into the new section 130 of the weflboie 100. In a preferred 
einbodiment, the support member 250 farther includes one or more conventional 

25 centralizers (not Illustrated) to help stabilise the apparatu s 200, 

In a preferred embodiment, a quantity of lubricant 2 75 is provided in the 
annular region above the expandable mandrel 205 within the interior of the 
tubular member 210. Inthismanner, ^*>*^»"^n ttf tfir tubular mcmherglO off 
oftheexpand^lenumd^ The lubricant minaycompr^ 

SO number of conventional commercially available InKnrwntg such as, for example, 
Luh ripla t^r hl r m nebasfid hibni^ntB,ofl baaed Inbrieants or 
(3100). In a preferred embodiment, the mhricant 275 comprises Climax 1500 
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AntMere (3 100) ovmlnhip from H T ^^'-mrrp Tftpriptngnt n« inHouston, 
TX in oider to optimally provide optimum lubrication to facfliate the expansion 

process. 

In a pi eferre d embodiment, the support member 250 is thoroughly clftannd 
5 prior to fl fflpmhly ft 1 ? *ym piling pnrtkmB of the apparatus 200. la this manner, 
the mtroducton of foreign material into the apparatus 200 is minimised. This 
minimizes the possibility of (breignmate^ 
valves of the apparatus 200. 

In a preferred embodiment, before or after positioning the apparatus 200 
10 within the new section 130 of the weilbore 100, a couple of weflbore volumes are 
circulated In order to ensure that no foreign materials are located within the 
weilbore 100 that might clog up the various flow passages and valves of the 

nppnrntofl 200 and to frnmirP th at rtfr *™»ig" metered infigrfareft with the arpanffloa 

process* 

15 As illustrated in Fig. 3, the fluid passage 235 is then dosed and a hardenable 

fluidic sealing material 305 is then pumped from a surface location into the fluid 
passage 230. The material 305 then passes from the fluid passage 230 into the 
interior region 310 of the tubular member 2 10 below the expandable mandrel 205. 
The material 305 then passes from the interior region 3 10 into the fluid passage 

20 240. The material 305 then exits the apparatus 200 and fills the a nnular region 
315 between the exterior of the tubular member 210 and the interior wall of the 
new section 130 of the weilbore 100. Continued pumping of the material 305 
causes the material 305 to fill up at least a portion of the annular region 315. 

The material 305 is preferably pumped into the annular region 315 at 

25 pressures and flow rates ranging, for example, from about 0 to 5000 pn and 0 to 
1,500 gallomVmm, respectively. The optimum flow rate and operating pressures 
vary as a function of the casing and weilbore sizes, weilbore section length, 
available pumping equipment, and fluid properties of the fluidic material being 
pumped. The optimum flow rate and operating pressure are preferably determined 

30 using conventional empirical methods. 

The hardenable fforidk sealing material 305 may comprise any number of 
conventional TOnm**"*^ Bailable hardenable fluidic sealing materials such as. 
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for example, slag mix, cement or ©poxy. In a preferred embodiment, the 
haxdenahle flmdfc sealing material 805 **mjm^k a M*>niM cement prepared 
specifically for the particular well section being drilled from Halliburton Energy 
Services in Dallas, TX in order to provide optraml support for tolralarm 
5 while also maintaining optnmim flow ctaracteristics so as to minimise difficulties 
during the displacement of cement in tile annular region 315. The optimum blend 
of the blended cement is preferably determined using conventional empirica l 
methods 

The annular region 316 preferably is filled with the material 305 in 
10 mffiftent qnimtfflfta to iiifflra tlmi, uprm ™rti*1 mrp***™ r*i\*o tabular mcmbor 
210, t he a nnular region 815 of the new aectkmlSOofthawellborelOOwfflccn^ 
with material 305. 

In a particularly preferred embodiment, as illustrated in Fig. 3a, the wall 
thic kn ess and/or the outer diameter of the tabular member 21 0 is reduced in the 
16 region adjacent to the mandrel 205 m order optimally permit placement of the 
apparatus 200 in positions in the weHbore with tight dtearances. Furthermore, in 
this manner, the initiation of the radial expansion of the tubular member 210 
during the extrusion process is optimally facilitated. 

As illustrated in Fig. 4, once the annular region 316 has been adequately 
20 fflled with maJerial 805, a ph^ 

fluid passage 240 thereby fmidicjy isolating the interior region 310 from the 
annular region 315, In a preferred embodiment, a non-hardenable fluidic material 
306 is then pumped into the interior region 310 causing the interior region to 
pressurize. In tins manner, the interior of the expended tubular member 210 will 
25 not contain rignifirant amounts of enredmaigrial 305 This rah**** n^n** 
the coat of the entire process. Alternatively, the material 305 may be used during 
this phase of the process. 

Once the interior region 310 becomes sufficiently pressurized, the tubular 
member 210 is extruded off of the expandable mandrel 205. During the extrusion 
30 process, the expand a b le mandrel 205 may be raised oat of th» expanded pnrrftm of 
the tubular member 210. In a preferred embodiment, during the extrusion 
process, the m and r el 205 is raised at apuruxim ater/ the same rate as the tubular 
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member 210 is expanded in order to keep the tubular member 210 stationary 
relative to the new wdlbore section 130. In an alternative preferred embodiment, 
thpgitmskm pnrrpffff H rM™™*™*** with th* tabular member 210 positioned above 
the bottom of the new weHbore section ISO, keeping the mandrel 205 stationary, 
5 and allowing the tabular member 210 to extrude off of the mandrel 205 and fall 
down the new wellbore section 130 under the force of gravity. 

The phi* 405 is preferably 
the plug 405 into the Quid passage 230 at a surface location in a conventional 
manner . The phig 405 preferably acts to fhndicly isolate the hardenable fluidk 
10 ftft*Hr>ffTT"*trrifil Sflft the **** hardenable flnidfe material 306, 

The plug 405 may comprise any number of conventional commer cially 
jwfiwIiiWft A*™** fami phiggingafluid passage such as, for example > Mnltiple Stage 
Cementer (MSC) latch-down plug, Omega latch-down plug or three-wiper latch- 
down plug modified in accordance with the teachings of the present disclosure. In 
16 a preferred embodime^ 

from Halliburton Energy Services in Dallas, TX. 

After placement of the plug 405 in the flmVi passage 240, anon hardenable 
fluidic material 306 is preferably pumped into the interior region 3 10 at pressures 
and ftew rates raiup^ for example^ 
20 to 4,000 gHllona/min. In this manner, the amount of hardenable fluidic sealing 
material within the interior 3 10 of the tubular member 2 10 is inmimixed. Ina 
preferred embodiment, after placement of the phig 405 in the fluid passage 240, 
the non hardenable material 306 is preferably pumped into the interior region 3 10 
at pressures and flow rates ranging from approximately 500 to 9^ 
25 3.000 gallgpftfrttfa fr> outer tn maximize the extrusion speed* 

In a preferred embodiment, the apparatus 200 is adapted to minimis e 
tensile, hurst, and friction effects upon the tabular member 210 during the 
expansion process. These effects wffl be depend upon the geometry of the 
nqmnni^r t»«»"*«1 205, material composition of the tabular member 210 and 
30 expansion mandrel 205, the mner diameter of the t^ular member 210, the wall 
thickness of the tubuto 

of the tubular member 210. In general, the thicker the wall thickness the smaller 
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the toner diameter, and the greater the yield strength of the tubular member 210, 
then the greater the operating pressures required to extrude the tubular member 
210 off of the mandrel 205. 

For typical tabular members 210, the extrusion of the tubular member 210 
5 off of the a rntndnhln mandrel wfll begin when the pressure of the Interior region 
310 reaches, for examptn, approximately 600 to 9,000 peL 

During the extrusion process, the expsndaMe mandrel 205 may be raised 
out of the expanded portion of the tubular member 210 at rates ranging, for 
example, from about 0 to 6 ft/see. In apreferred embo di ment, dnringthe extrusion 
10 process, the extendable mandrel 205 ia raised out of the expended portion of the 
tabular member no at rates ran^n^abou^ 

the time required for the expansion prooftss while also permitting easy control of 
the expansion process. 

When the end portion 260 of the tubular member 210 is extruded off of the 

16 e xpendable mandrel 206, the outer surface 265 of the end portion 260 of the 
tubular member 210 will preferably contact the interior surface 410 of the end 
portion 270 of the casing 115 to form an fluid tight overlappmgjoint. The contact 
pressure of the overlapping joint may range, for example, from approximately 50 
to 20,000 psi In apreferred endwdhnent, the contact pressure of the overlapping 

20 joint ranges from spprorima tely 400 to 10,000 psi in order to provide optimum 
pressure to activate the annular sealing members 246 and optimally provide 
resistance to axial motion to accommodate typical tensile and compressive loads. 



The overlapping joint between the section 4 10 of the existing casing 116 and 
the section 265 of the expanded tabular member 210 preferably provides a gaseous 
25 and flukhc seal InanaitjmlarivpT«farT~i^ 

optimally provide a Guidic and gaseous seal in the overlapping joint. 

In a preferred embodiment, the operatmgpressure and flow rateof the non 
ha reVnnhlefmidtr materi al 306 tocontroUahfr ramped down when the «.pm^MT 
mandrel 205 reaches the end portion 260 of the tubular member 210. In this 
30 manner, the sudden release of pressure cmiaed by the complete extrusion of the 
tubular member 210 off of the expandable niandrel 205 can be miDinrired. In a 
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pmpfprrpd mhn rfimCTt, tha npmting pressure i* reduced in a substantially Hnear 

fashion from 100% to about 10% during the end of the extrusion process beginning 
when die mandrel 205 is within about 6 feet from completion of the extrusion 
process. 

6 Alternatively; orin combination, a shock absorber is provided m the support 

member 250 in order to absorb the shock caused by the sudden release of pressure. 
The shock absorber may comprise, for example, any conventional commercially 
available shock absorber adapted for use in weUbore operations. 

Alternatively, or in combination* a mandrel catching structure is provided 

10 in the end portion 260 of the tubular member 210 in order to catch or at least 
decelerate the mandrel 205. 

Once the extrusion process is completed, the expandable mandrel 206 is 
removed from the weUbore 100. In a preferred embodiment, other before or after 
the removal of the expandable mandrel 205, the integrity of the ftuidic seal of the 

15 overlapping joint between the upper portion 260 of the tubular member 210 and 
the lower portion 270 of the casing 115 is tested using conventional methods. 

g jbe fluidic seal of the overlapping joint between the upper portion 260 of 
the tub ular me mber 210 and the lower portion 270 of the casing 115 is satisfactory, 
thftn fnryun<n"T^ "fthPFWfr'n* 1 3fl*> within the expanded tubular member 

20 210 is then removed in a conventional maimer such as, for example, cirmlntfag the 
uncured material out of the interior of the expanded tubular member 210. The 
mandrel 205 is then pulled out of the weUbore section 130 and a drill bit or null is 
used in combination with a conventional drilling assembly 505 to drill out any 
hardened material 305 within the tubular member 210. The material 305 within 

25 the annular region 315 is then allowed to cure. 

As illustrated in Fig. 5, preferably any lemainingcured material 305 within 
the interior of the expanded tubular member 210 is then removed in a 
conventional nifwwr using a conventional drill string 505. The resulting new 
section of casing 510 includes the expended tubular member 210 and an outer 

30 annular layer 51 6 of cured material 90S. The bottom portion of the apparatus 200 
comprising the shoe 215 and dart 405 may then be removed by drilling out the 
shoe 215 and dart 405 using conventional drilling methods* 
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In a preferred embodiment, as illustrated in Fig. 6, the upper portion 260 
of the tabular member 210 in chides one or more sealing ambers 60S and rare or 
more pressure relief holes 610. In thia manner, the o v erl ap p ing joint between the 
lower portion 270 of the casing 116 and the upper portion 260 of the tubular 
5 member 210 is pressure-tight and the pressure on the interior and exterior 
surfaces of the tabular member 210 is eqoafeed during the extras^ 

In a preferred embodiment, the sealing members 605 are seated within 
recesses 615 formed in the outer surface 265 of the upper portion 260 of the 
tubular member 210. In an alternative preferred embodiment, the sealing 
10 xnembero605areb<mdedtt 

260 of the tabular member 210. The pressure relief boles 610 are preferably 
positioned in the last few feet of the tubular member 210. The pressure relief 
holes reduce the operating 

the tabular member 210. This reduction in required operating pressure in turn 
15 reduces the velocity of the mandrel 205 upon the completion of the extrusion 
process. This reduction mvebcifr 

entire apparatus 200 upon the completion of the extrusion process. 

Referring now to Fig. 7, a particularly preferred embodiment of an 
apparatus 700 for forming a casing within a weUboce preferably includes an 
20 expandable mandrel or pig 705, an expandable mandrel or pig container 710, a 
tubular xnaxnber715,afloat 
a ihiid passage 735, afluidpas^ 

750, an overshot connection 755, another support member 760, and a stabilizer 
765. 

25 Th* expandable mandrel 705 is coupled to and supported by the support 

member745. The expandable mandrel 706 is farther eoupled to the e^ 
mandrel container 710. The expandable mandrel 705 is preferably adapted to 
controllabiy expand in a radial direction. The expandable mandrel 705 may 
comprise any mnnbercrfcanvent^ 

30 modified in accordance with the teacriinga of th* pr*»m* h^i^ 1tt ha preferred 
emhodiment, the expanriitbie mandrel 705 comprises a hydraulic expansion tool 
substantially aa disclosed in U A Pat No. 5,348,095, the contents of which are 
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incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

The expandable mandrel container 710 is coupled to and supported by the 
support member 745. The expandable mandrel container 710 is further coupled 
5 to the expandable mandrel 705. The expandable mandrel container 710 may be 
constructed from any number of conventional commercially available materials 
such as, for example, Oilfield Country Tubular Goods, stainless steel, titanium or 
high strength steels. In a pref erred embodiment, the expandable mandrel 
container 710 is fabricated from material having a greater strength than the 

10 material from which the tubular member 716 is fabricated. In this manner, the 
container 710 can be fabricated from a tubular material having a thinner wall 
iiiiAn—n than the tubular member 210. This permits the container 710 to pass 
through fight clearances thereby facilitating its placement within the weHbore. 
In a preferred embodiment! once the expansion process begins, and the 

15 thicker, lower strength material of the tubular member 715 is expanded, the 
outside diameter of the tubular member 715 is greater than the outside diameter 
of the container 710. 

The tubular member 716 is coupled to and supported by the expandable 
mandrel 705. The tubular member 715 is preferably expanded in the radial 

20 direction and extruded off of the expandable mandrel 705 substantially as 
described above with reference to Pigs. 1-6. The tubular member 715 may be 
fabricated from any number of materials such as, for example, Oilfield Country 
Tubular Goods (OCTG), automotive grade steel or plastics. In a preferred 
embodiment, the tubular member 715 is fabricated from OCTG. 

25 In a preferred embodiment, the tubular member 715 has a substantially 

annular cross-section. In a particularly preferred embodiment, the tubular 
member 716 has a substantially circular annular cress-section. 

The tubular member 715 preferably includes an upper section 805, an 
intermediate section 810, and a lower section 815. The upper section 806 of the 

30 tubular member 715 preferably is defined by the region beginning in the vicinity 
of the mandrel container 710 and ending with the top section 820 of the tubular 
member 715. The intermediate section 810 of the tubular member 715 is 
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preferably defined by the region beginning in tte vicinity oX the top of 
container 710 and ending with the region in the vidnity of the mandrel 705. The 
lower section of the tubular member 715 is preferably defined by the region 
beginning in the vicinity of the mandrel 705 and ending at the bottom 825 of the 
5 tubular member 715. 

In a preferred embodiment, the wall thirknam of the upper section 805 of 
the tubular member 715 is greeds 

and lower sections 810 and 815 of the tabular member 715 in order to optimally 
facfliate the initiation o^ 
10 700 to be positioned in locations in the weflboxe having tight clearance*. 

The outer diameter and wall thfrkneaa of the upper section 806 of the 
tabular member 715 may range, toenmpla.fttmialy^l.OfitAift Wh^^ 
to 2 inches, respectively. In a preferred embodiment, the outer diameter and wall 
thickness of the upper section 805 of the tubularmember715 range from about 3.5 
15 to 16 inches and 3/8 to L5 inches, respectively. 

The outer diameter and wall thickness of the intermediate section 810 of the 
tubular member 715 may range, for example, from about 2J5 to 50 inches and 1/16 
to 1.5 inches, respectively. In a preferred embodiment* the outer diame ter and 
wall thickness of the intermediate section BID of the tubular member 715 rang e 
20 from about 3-5 to 19 inches snd 1/8 to UJ5 inches, respectively. 

The outer diameter and wall thickness of the lower section 816 of the 
tubular member 715 may range, for eomnrple, from about 2^ to 60 inches and 1/16 
to L26 inches, respectively. In a preferred embodiment, the outer diameter and 
wall t hic k ne ss of the lower section 810 of the tubular member 715 range from 
25 about 3.5 to 19 inches and 1/8 to 1.25 inches, respectively. In a particularly 
preferred embodiment, the wall thickness of the lower auction 816 e^ 
member 715 is further increased to increase the strength of the shoe 720 when 
drillahle materials such as, for example, aluminum axe used. 

The tubular member 715 pnrfernbly comprises a ao^ In 
SO a preferred embodiment, the end portion 820 of the tubular member 715 is slotted, 
perforated, or otherwise modified to catch or slow down the mandrel 705 whan it 
completes the extrusion of tubular member 716. In a prefei red embodiment, the 



-19- 



leng th offh** tubular mmih w i i fi in limited twitm mi** the possibility rtrKtt^Hfn£f 
For typical tubular member 715 materials, the length of the tubular member 715 
is preferably limited to between about 40 to 20,000 feet in length. 

The shoe 720 is coupled to the expandable mandrel 705 and the tubular 
5 member 715. The shoe 720 includes the fluid passage 740. In a pr e fer red 
embodiment, the shoe 720 further includes an inlet passage 830, and one or more 
jet ports 835. In a particularly preferred embodiment, the crosa-eectional shape 
of the inlet passage 830 is adapted to receive a latch-down dart, or other similar 
elements, for blocking the inlet passage 830. The interior of the shoe 720 

10 preferably includes a body of solid material 840 for increasing the strength of the 
shoe 720. In tt pnrtimhriy iipwfermd gmhodimant, the body of solid material ftifl 
co mpris es a fa mmmm* 

The shoe 720 may comprise any number of conventional commercially 
available shoes such as, far <rpmpi» ; Super Seal II Down-Jet float shoe, or guide 

16 shoe with a sealing sleeve for a latch down phig modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 720 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TX, modified in 
accordance with the teachings of the present disclosure, in order to optimize 

20 guiding the tubular member 715 in the weHbore, optimize the leal between the 
tubular member 715 and an existing wellb^ 

removal of the shoe 720 by drilling it out after completion of the extrusion process. 

The lower cup seal 725 is coupled to and supported by the support member 
745. The lower cup seal 725 prevents foreign materials from entering the interior 

25 region of the tubular member 715 above the expandable mandrel 705. The lower 
cup Beal 725 may fm*pr*«» «™y mwnhgr nf cnrrggrttimifll rammftrcially available cup 
seals such as, for example, TP cops or Selective Injection Packer (SIP) cups 
modified fn ftnrrrff M "^ »K» nttiu* pr^-nt Hinrlwatre, In a preferred 

embodiment , the lower cup Beal 725 comprises a SEP cup, available from 

30 Halliburton Energy Services in Dallas, TX in order to optimally provide a debris 
barrier and hold a body of lubricant 
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The upper cap seal 730 is coupled to and supported by ttesnpport member 
760. The upper cmp seal 730 prevents foreign m 

region of the tubular member 715. The upper cup seal 730 may comprise any 
number of conve nt i onal commercialry available cup seals rach «t, far ^^p^ TP 
5 cups or Selective Injection Packer (SIP) cup modified in accordance with the 
teachings of them^ ^t itiscloe a nL Inaprgfaiedmnbodfa 
730 compriaee a SIP cup avails 
inordertooptimalryprovi^ 

The fluid passage 735 permits fluidic materials to be transported to and 
10 from the intgriormdon 

70S. Tie Ihiid passage 735 is Oiiidi^ The fluid 

paasageTSSispiefiBxahr/ 

780, the support member 745, the mandrel container 710, and the expandable 
mandrel 705. The fluid passage 735 preferably extends foam a position adjacent 

15 to the surface to the bottom of tha trrp^AM^ mmA™] ^t\R The fluid passage 735 
is preferably positioned along a centerline of the apparatus 700. The fluid passage 
735 is preferably selected to transport materials such as cement, drilling mud or 
eponea at flow rates and pressures ranging from about 40 to 3,onfl gallona/tainnte 
and 500 to 9,000 pa in order to provide sufficient operating pressures to extrude 

20 the tubular member 715 off of the expandable mandrel 705 

As described above with reference to Pigs, 14, during placement of the 
apparatus 700 within a new section of a wellbare, fluldic materials forced up the 
fluid passage 736 can be released m to the wefflxm 

In a preferred embodiment, the apparatus 700 further includes a pressure release 
25 passage that is coupled to and poaittaned withm the The 
pressure release passage is further ftoidid^ The 
pressure release passage preferably includes a control valve for eontroHably 
opening and closing the fluid passage. In a preferred emtodiment, the control 
valve is pressure actrvatedm order to The 
30 pressure releai* passage is pre^ 

centerline of the apparatus 700. The pressure release passage is preferably 
selected to comey materials such as rrmrnt, drilling mud oar epoxies at flow rates 
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and pressures ranging from about 0 to 500 gallons/minute and 0 to 1,000 psi in 
order to reduce tfo* drag on the apparatus 700 during insertion into a new section 
of a wellbore and to minixnize surge pressures on the new wellbQre section. 

The fluid passage 740 permits flnidk materials to be transported to and 
6 from the region exterior to the tubular member 715. Hie fluid passage 740 is 
preferably coupled to and po 

with the interior region of the tubular member 715 below the erpartda hie mandrel 
705. The fluid passage 740 preferably has a cross-sectional shape that permits a 
ping, or other similar device 

10 to thereby block farther passage of fluidic materials. In this inanner,tb* interior 
region of the tubular member 716 below the expandable mandrel 705 can be 
optimally fhndicry isolated from the regkm exterior to the tubular member 715, 
His permits the interior region ofthe tubular matuber 715 below tte 
mandrel 205 to be pressurized. 

15 The fluid passage 740 is preferably positioned substantially along the 

centerline of the apparatus 700. The fluid passage 740 is preferably selected to 
convey materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gallons/mmuto and 0 to 9,000 paim order 
to optimally fill an annular region between the tubular member 715 and a new 

30 section of a wellbore with flnidic materials. In a preferred embodiment, the fluid 
passage 740 includes an inlet passage 630 having a geometry that can receive a 
dart and/or a ball sealing member. In this manner, the fluid passage 240 can be 
sealed off by mtrodudng a phig, dart and/or ball sealing elements into the fluid 
passage 230. 

25 In a preferred en^odiment, the apparatus 700 further inchides one or more 

seals 845 coupled to and supported by the end porticm 820 ofthe tubular member 
715. The seals 845 are further positioned on an outer surface of the end portion 
820 of the tubular member 715. The seals 845 permit the overlapping joint 
between an end portion of preexisting casing and the end portion 820 of the 

30 tubular member 715 to be fluidity sealed. The seals 845 may comprise any 
number of conventional commercially available seals such as, for example, lead, 
rubber, Teflon, or epoxy seals modified in accordance with the t eachings of the 
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present disclosure. In a preferred e mb odiment, the seals 845 comprise seals 
molded from StxataLock epoxy available from Halliburton Energy Services in 
Dallas, TX in order to optimally provide a hydraulic seal and a load bearing 
interference fit in the overlapping joint between the tubular member 715 and an 
5 casting casing with opting 
715. 

In a preferred embodiment, the seals 845 are selected to prnviri* * «nffH«nt 
frictions! force to support the expanded tubular member 715 from the existing 
casing. In a preierj^ embodiment 
10 ranges from about 1,000 to 1,000,000 M in order to optimally support the 
expended tubular member 716. 

The support member 745 Is (vefexahfar coupled to the 
705 and the overshot connection 755. The support member 745 preferably 
comprises an annnlar member having sufficient strength to carry the apparatus 
16 700 into a new section of a weuhore. Tie support meinber 745 may con^ 

number of conventional commercially available support members such as, for 
example, steel drill pipe, coiled tubing car other high strength tubular 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the support member 745 conums^ 
20 from various steel mills in the United States. 

In a preferred embodiment, a body of lubricant 750 is provided in the 
annular region above the expandable mandrel container 710 within the interior of 
the tubular member 715. In this manner, the extrusion of the tubular member 715 
off of the expandable mandrel m is facilitated. The lubricant 705 may comprise 
25 any number of conventional commercially available lubricants such as, for 
"rumple, Lubriplate, chlorine based lubricants, oil based hihrkanta, or Ohnax 
1500 Antisiexe (3100). In & preferred embodiment, the lubricant 750 comprises 
Climax 1500 Antisiese (8100) available from Halliburton Energy Services in 
Houston, IX in order to optimally provide lubrication to fedliate the extrusion 
30 process. 

The overshot connection 756 is coupled to the support member 745 and the 
support member 760. The overshot connection 755 pveferabfr permits the support 



member 745 to be removably coupled to the support member 760. The overshot 
connection 755 may comprise any number of conventional oimmm iauy available 
overshot connections such as, for example, Innerstring Sealing Adapter, 
Innerstrine Flat-Face Sealing Adapter or EZ Drill Setting Tool Stinger. In a 
5 preferred embodiment* the overshot c onn ect io n 755 comprises a Innerstring 
Adapter with an Upper Guide available from Halliburton Energy Services in 
Dallas, IX 

The support member 760 is preferably coupled to the overshot connection 
766 and a eurfece support atnicture (not iDnstrated). The support member 760 

10 preferably comprises an annular member having guffioffrit strength to carry the 
apparatus 700 into a new lection ofaweDboce. The support member 760 may 
comprise any number of conventional commercially available support members 
mich aa, fftrfTP™! 4 *. ateel <*rffl pipe, coiled tubing or other tngh strength tabulara 
modified m accordance with the teachings of the present disclosure. In a preferred 

15 ^wwnt , the support member 760 comcriBeaaconventkmaldrulpqie available 
from steel mills in the United States. 

The stabilizer 765 is preferably coupled to the support member 760. The 
stabilizer 765 also preferably stabilizes the components of the apparatus 700 
within the tubular member 715. The stabilizer 766 preferably comprises a 

20 spherical member having en outside diameter that is about 80 to 99* of the 
interior diameter of the tubular member 715 in order to optimally minimize 
buckling of the tubular member 715. The stabilizer 765 may comprise any number 
of conventional commercially available stabilizers such as, for example, E2 Drill 
Star Guides, packer shoes or drag blocks modified in accordance with the teachings 

25 of the present disclosure. In a preferred embodiTiiffrit, the stabilizer 765 comprises 
a sealing adapter upper guide available from Halliburton Energy Services in 
Dallas, TX. 

In a preferred embodiment, the support members 745 and 760 are 
thoroughly cleaned prior to assembly to the renaming portions of the apparatus 
30 700. In this manner, the introduction tf foreign rnaterialinto the apparatus 700 
is minimized This minimizes the possibility of foreign material clogging the 
various flow passages and valves of the apparatus 700 . 
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In a preferred embodiment, before or after positioning the apparatus 700 
within a new section of a weHbore, a couple of weDbore volumes are circulated 
through the various flow passages of the apparatus 700 in order to ensure that no 
foreign materials are located within the wellbore that might clog up the various 
5 flow passages and valves of the apparatu s 700 and to ensure that no for eign 
material interferes with the expenskm mandrel 70S dur^ 

In a preferred embodiment, the apparatus 700 is operated si^ 
described above with referei^ 
a wellbore, 
10 AsiIhistratedmrV8>mal 
and apparatus described hexe^ 

by forming a tubular Knar 810 toride of the existing wellbore casing 80S In a 
preferred embodiment, an outer annular lining of cement is not provided in the 
repaired section. In the altern ativ e p r efer red embodiment, aiy number of fhiidic 
16 materials can be used to expand the tubular hner 810 into intimate contact with 
the damaged section of the weHbore casing such as, for example, cement, epoxy, 
slag mix, or drilling mud. In the alternative preferred embodiment, sealing 
members 815 are preferab^ 

to c^timally provide a fluidic seal In an alternative preferred embodiment, the 
20 tubular liner 810 is formed within afcoriacm^poaltfcped pip eline section, such 
a* those used to transports 

man overland relaticrr^ In this manner, 

underground pipelines can be repaired withimt lurvi^ 
damaged sections. 

25 In another alternative preferred embodiment, the method and apparatus 

d^scribe4haiTOi8Tiaedtod Ia a 
preferred embodiment, an outer annular lining of cement is not provided between 
the tubular Imer 810 ar^ In the alternative preferred embodiment, 

any number of fluidic materia 

30 intimate contact with the wellbore such as, far example, cement, *pnry slag mix, 
or drilling mud, 
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Referring now to Figs. 9, 9a, 9b and 9c, a preferred embodiment of an 
apparatus 900 for forming a wellbore casing includes an expendible tubular 
member 902, a rapport member 9M^ 

908. In a prefa ^K^immit, the design end construction of the mandrel 906 
5 and shoe 908 permits eagyremoval of ttioae etemente by drillmgtiiemont. In this 

manner, the assembly 900 can be easily removed from a wellbore using a 

conventional drilling apparatus and corresponding drilling methods. 

The expendible tubular member 902 preferably in chides an upper portion 

910, an htferinediate portion 912 and a lower portion 914- During operation of the 
10 apparatus 900, the tubular n^ 

906 by pressurising an interior region 966 of the tubular member 902. The 

tubular member 902 preferably bis a substantially armnlar crosfheectioii. 

Tn a r»f rtimlnrVy preferred gmhodimgntL an ffmindnblft tabular member 915 

is coupled to the upper portion During 
16 operatkm of the apparatus 9W^ 

ofthe mandrel 906 by pressu^ of the tubular member 

902. Tbe tubular member 915^ 

In a preferred embodiment! the wall thickness of the tubular member 915 is 
greater ***** the wall t^rkr*?* of tubular member 902. 
20 The tubular member 915 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubular*, low alloy steels, titanium or stainless steels. In a preferred embodiment, 
the tubular member 915 is fabricated from oMe^ 

provide appr ox im ately the same mechanical properties as the tubular member 902. 

25 In a partiCTilaTly preferred 

point ranging from about 40,000 to 135,000 psi in order to optimally provide 
app roxi ma tely the same yield properties as the tubular memn^ The tubular 
member 915 may comprise a plurality of tubular members coupled end to end. 
In a preferred embodiment, the upper end portion of the tubular member 

30 91 fi rn*friHg«ATi6 Qr more sealing members for optimaUy providing a fluidic and/or 
gaseous seal with an existing section of wellbore casing. 
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In a preferred embodiment, the combined length of the tabular members 
902 and 9115 are limited tnTTnmTniwthwpr^^iyftyrfhTfrVting For typical tubular 
member materials, the combined length of the tubular members 902 and 915 are 
limited to between abrot 40 to 20,000 feet in length. 
5 The lower portion 914 of the tubular member 902 is preferably coupled to 

the shoe908 by a threaded coianection 968. The intennediate portion 912 of the 
tubular member 902 preferably is placed in intimate sliding contact with the 
mandrel 906. 

The tubular member 602 may be fabricated from any number of 
10 conventional commercial]? available such as, for example, oilfield 

tubulara, low alloy ■teela > taanjumc^atnfnlfffgetpe^ In a preferred embodiment, 

the tubular member 902 ia fabricated from oilfield tubulars in order to optimally 

provide approximately the saraen^ 

Inapartioilarjy p i Hf erred em 
15 point ranging from about 40,000 to 135,000 psi in order to optimally provide 

approximately the same yield properties as the tubular member 915. 

The wall thickness of the upper, intermediate, and lower portions, 910, 912 

and 914 of the tubular member 902 may range, for example, from abcnit 1A 6 to 1.5 

inches In a preferred embodiment, tbAwnii thickness of the ^pp*r, intermediate, 
20 aid lower portkma,910, 912 a^ 

1/8 to L25 in order to optmial^ provide waflthto 

the tubular member 915. In a preferred embodiment, the wall t hickness of the 
kxwer portion 914 is less than or equal to the wall thickness of the upper portion 
910 in order to optimally provide a geometry that will fit into tight clearances 
25 downhola 

The outer diameter of the upper, intermadiate, and lower portions, 910, 912 
and 914 of the tubular m«nberm 
inches. In a preferred embodim^ 

and lower portions, 910. 912 and 914 of the tabular member 902 range from about 
90 3 V* to 19 inches in order to optimally provide the ability to expand the most 
commonly used oilfield tubulara. 
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The length of the tubular member 902 is preferably ii™tAd to between 
about 2 to 6 feet in order to optimally provide enough length to contain the 
mandrel 906 and a body of lubricant 

The tubular 902 may comprise any number of conventional 

5 rrtmTTi»Trfony *v»flnhle tubular members modified in accordance with the tmrhingB 
of the present disclosure. In a pr e f erred embodiment, the tubular member 902 
comprises Oilfield Country 

The tubular member 9 15 may comprise any number of conventional c ommer cially 
av ailable tubular members modified in accordance with the t eachings of the 

10 present diacloeure. In a pref erred embodiment, the tnbularmembCT 915 comprises 
OafiaM Corairy Tabular Goods a^ 

The various elements of the tubular member 902 may he co^ 
number of conventional process such as, for maniple, threaded connections, 
welding or Tn f"*""«»* from one piece. In a preferred embodiment, the various 

15 elements of the tubular member 902 are coupled using welding. The tubular 
member 902 may comprise aplurality of tuinilar elements that are co 
end. The various elements of the tubular member 9 16 may be coupled using any 
number of conventional process such as, for irample, threaded connections, 
welding or mo^h™^ ftom one piece. In a preferred embodiment, the various 

20 elements of the tubular member 915 are coupled using welding. The tubular 
inember 915 may comprises 

end. The tubular members 902 and 915 may be coupled using any number of 
conventional process such as, for example, threaded connections, welding or 
machined from one piece. 
25 The support member 904 preferabry i nclud es an iniiarstring adapter 916, 
a fluid passage 918, an upper gui& During operation of 

the apparatus 900, the support me 

during movement of the apparatus 900 within a wellbore. Tie support member 
904 preferably has a substantially annular cross-section. 
30 The support member 904 may he fabricated from any number of 
conventional commercially available materials such aa, for erHmpto, oilfield 
tubular*, low alloy steel, coiled tubing or stainless steel In a preferred 
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embodiment, the support member 904 is fabricated from low alloy steel in order 
to optimally provide high yield strength. 

The ixmerstring adaptor 916 preferably is coupled to and supported by a 
conventional drill string support from a surface location. The innerstrmg adaptor 
5 916 may be coupled to & conventional drill string support 971 by a threaded 
connection 970. 

llttfhridpassBge918ispreferah^ 
to and from the apparatus 900. In a preferred embodiment, the fluid passage 918 
is fluididy coupled to the fluid passage 952. In a preferred embodiment, the fluid 
10 passage aifi la tn convey fhr^r f+t *fag rnntflrinlri to nnd from the 

apparatusOOO, In a particular^ preferred 

include one or more pressure relief passages (not illustrated) to release fluid 

pressure dnrmgpoaffioningo In a preferred 

embodiment, the fluid passage 918 is positioned along a longitudinal centerline of 
15 the apparatus 900. In a pre fer red embodiment, the fluid passage 918 is selected 

to permit the conveyance of hardcnaMe flnidic materials at operating pressures 

ranging from about 0 to 9,000 psL 

The upper guide 920 is coupled to an upper portion of the support momber 

904. The upper guide 920 preferably is adapted to center the support member 904 
20 within the tubular member 916. 'Rib upper guide 920 may comprise any number 

of conventional guide members modiito to 

present disclosure. In a preferred embodiment, the upper guide 920 comprises an 

innerstringadapter available from Hallflrarton Energy 

to optimally guide the apparatus 900 within the tubular member 915. 
25 Tiu coupling 922 coupler The 

coupling 922 preferably comprises a coovenflonal threaded connection. 

The various elements of the support meinberOM may be coupled using any 

number of conventional processes such as, for example, welding, threaded 

c onnections or machined from one piece. In a preferred embodiment, the various 
SO elements of the support member 904 are coupled using threaded ccmnectxans. 

The mandrel 906 preferably includes a retainer 924, a robber cup 92B t an 

expanron cone 928, alower cone retanw 
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934 t an ^^yf^rm aleeve 9S6, a spacer 938, a housing 940 1 a swilrng sleeve 942, an 
upper cong retainer 944, a tnbrk^ 

950, and a fluid passage 952. 

Th* retainer 924 is copied 
5 948 t and the robber cup 926 /The retainer 924 couples the rubber cup 926 to the 
hibricator sleeve 948. lfce retainer 924 preferably has a substantially annular 
miawecB oP The re tainer 924 may comprise any number of conventional 
commercially available retainers such as, for example, slotted spring pins or roll 

pin r 

10 The robber cup 926 is coupled to 

946, and the fabricator sleeve 948. The rubber cup 926 prevents the entry of 
fatsign materials into tte 

rubber cup 926. The rubber cup 926 may comprise any number of conventional 
commercially available rubber cups such as, for example, TP cups or Selective 
15 Injection Packer (SEP) cup. In a preferred embodiment, the rubber cup 926 
comprises a SIP cup available from Halliburton Energy Services in Dallas, TX in 
order to optimally block foreign materiala 

In a particularly prefer red embodiment, a body of lubricant is further 
provided in the interior regkm 972 of the 
20 the interface between the exterior surface of the mandrel 902 and the interior 
surface of the tubular members 902 and 915. The lubricant may comprise any 
number of conventional commercially available lubricants such as, for ex a mple , 
Lubriplate, chk>rine based lubricants, oil b ased hibricants or Climax 1600 Antiaeize 
(3100). In a preferred embodiment, the lubricant comprises Climax 1 500 Antiaeize 
25 (3100) available from Climax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide lubrication to fadliate the extrusion process. 

TU ^rpAnion n rrmft QSfl in cmipled to the lower cone retainer 930, the body 
of cement 932 , the lower guide 934, the extenskm sleeve 936, the housing 
the upper cone retainer 944. In a preferred embodiment, during operation of the 
30 apparatus 900, the tubular members 902 and 916 are extruded off of the outer 
surface of the expansion cone 928. In a preferred embodiment, axial movement 
of the expansion cone 928 is prevented by the lower ameretahw 930, housmg940 
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and the upper cone retainer 944. Inner radial movement of the expansion cone 
928 is prevented by the body of cemrnt 932, the housing 940, and the upper cone 
retainer 944. 

The expanmnri irmp^Mpt^mA^y Ha« a giTirfjmti«ny ™Tm}aT mm section. 
5 The outside diameter of the expansion com 928 is preferably tapered to provide 
a cone shape. Ilia wall t hick n es s of the expansion cone 928 may range, for 
example, from about 0.125 to 3 inches. In a preferred embodiment, the wall 
thickness of the expansion cone 928 ranges ftom about 0^ to 0J6 inches in order 
to optimalb^ provide adequate compressive gtrmgth with mmmml Trut^r-fa] The 
10 marimam and minimum outside d ia ti Mfa w of the oaa m «y ran g e, 

for example, from about 1 to 47 inches. In a Referred rmhodimctit, the maximum 
and minimum outside diameters of the expansion cone 928 range from about S .6 
tol9inoniertooptima%pnivideexpanwOT 

The expansion cone 928 may be fabricated from am? number of conventional 
15 commercially available materials such as, for example, ceramic, tool steel, titanium 
or low alloy steeL In a preferred embodiment, the expansion cone 928 is fabricated 
from tool steel in order to optimally provide high strength and abraskm resi st a nce 
The surface hardness of the outer surface of the expansion cone 928 may ran ge , for 
example, from about 60 EockwellC to 70 Rockwell C. In a preferred embodiment 
20 the surface hardness of the outer mrface ntih* expansion rmft fl?8 ranges from 
about 58 Rockwell C to 62 Rockwell C in order to optimally provide high yield 
strength. In a preferred amhndrniim^ the expansion nhia °?8 is heat treated to 
optimally provide a hard outer surface and a resilient interior body in order to 
optimally provide abrasion resistance and fracture toughness. 
25 The lower cone retainer 930 is coupled to the expansion cone 92 8 and the 

housing 940. In a prefei i **\ embodimen t, mnwrn^t ff f th e MM^aAUff^^yj i cone 
928 is prevented by the tower cone retainer 930. Preferably, the lower cone 
retainer 930 has o substantially ormnW arossnsection. 

The lower cone retainer 930 may be fabricated from any number of 
30 conventional commercially available materials such *», fiw e**m pu ceramic; 
steel, titaninm or low alloy steeL In a preferred embodiment, the lower cone 
retainer 930 is fabricated from tool steel in order to optimally provide high 
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strength end abrasion resistance. The surface hardness of the outer surface of the 
lower cone retainer 930 may range, far example, from about 50 Rockwell C to 70 
Rockwell C. In a preferred embodiment, the surface hardness of the outer s^ff^ 
of the krwer cone retainer 930 ranges from about 58 Rockwell C to 62 Rockwell C 

5 in order to optimally provide high yield strength. In a preferred embodiment, the 
lower cone retainer 930 is >>*^t treated to optimally provide a hard outer surface 
and a reslliant interior body in order to optimally provide abrasion r es ist an c e and 
fracture toughness. 

In ft preferred mulmfiStmm^ the lower cone retainer 830 and the expansion 

10 cone 928 are formed as an integral one-piece element in order reduce the number 
of components and increase the overall strength of the apperatna. The outer 
surface of the lower cone retainer 930 preferably mates with the inner surfaces of 
the tu bular members 902 and 915. 

The body ofcement 932 is positioned 

15 The body of cement 932 provides an inner bearing structure for the mandrel 906, 
The body of cement 932 further may be easHy drilled out using a conventional drill 
device. In this manner, the mandrel 906 may he easily removed using a 
conventional drilling device. 

The body of cement 932 may comprise any number of conventional 

20 ^ mm«»itny AwiUhU Mmfflit eompounda. Alternatively, aluminum, cast iron or 
some other drillable metallic, composite, aggregate material may be substituted 
for cement The body of cement 932 preferably has a substantially annular cross- 
section. 

The lower guide 934 is coupled to the extension sleeve 936 and housing 940, 
25 During operation of tte 

the movement of the mandrel 906 within the tubular member 902. The lower 
guide 934 preferably has a substantially annuls g ma fcteeiiftn. 

The lower guide 934 may be fabricated from any number of conventional 
commercially available ma^ri*!* such as, for example, oilfield tubulars, low alloy 
30 steel or stainless steeL In a preferred embodiment, the lower guide 934 is 
fehrimted torn kw alloy steel m strength. 
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The outer surface of the lower guide 934 preferably mates with the inner surface 
of the tubular member 902 to provide a sliding fit 

The extension sleeve 938 is coupled to the lower guide 934 and the housing 
940. During operation of the apparatus 900, the extension sleeve 936 preferably 
5 helps guide the movement of the mandrel 906 within the tubular member 902. 
The extension sleeve 936 preferabry hag a suhKtnntinHy annular croaa-cectiotL 

The extension sleeve 936 may be fabricated from any number of 
conventional commercially available materials such as, for *wmp|e r oilfield 
tubular*, low alky steel or stainless steeL In a prefe rr e d enibodiment, the 
10 extension store 936 ia fabricated n^ 

high yield strength. TheegtBreorfaceof theextenakm sleeve 986 preferably mate s 
with the nmer surface of the tubular member 902 to provide a sliding fit In a 
preferred embodiment, the extension sleeve 936 and the lower guide 934 are 
formed as an integral one-piece element in order to minimize the number of 
15 components and increase the strength of the apparatus. 

The spacer 938 is coupled to the seahng sleeve 942. The spacer 938 
preferabry includes the fluid passage 952 and is adapted to mate with the extension 
tube 960 of the shoe 908. In this manner, a phigor dart can be conveyed from the 
surface through the fluid passages 918 and 952 into the fluid passage 962. 
20 Preferabry, the spacer 938 has a substantially ft^rmW erosa-eection. 

The spacer 938 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the spacer 938 is febricated from aluminum in 
order to opthnalry provide drillability . Theendafthe^>acer938preferaMyinato 
26 with the end of the extension tube 960. In a preferred embodiment, the spacer 
938 and the sealing sleeve 942 are formed asm 

to reduce the number of components and increase the strength of the apparatus 
The housing 940 is coupled to the lower guide 934, extension sleeve 936, 
expansion cone 928, body of cement 932, and tower cone retainer 930. During 
30 operation of the apparatus 900 , the housing 940 preferably prevents inner radial 
motion of the expansion cone 928. Preferably, the housing 940 has a substantially 
annular cross portion. 
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The housing 940 may be fabricated from any number of conv ention a l 
commercially available materials such as, for example, oilfield tabular*, low alloy 
steel or stainless steeL In a preferred embodiment^ 

from low alloy steel in order to optimally provide high yield strength. In a 
5 preferred embedment, the lower guide 

are farmed as an integral one-piece dement in order to minrmitP the number of 

components and increase the strength of the apparatua. 

InapartiniLgryTjT^mH tn^fflwnt, thftrnteriCTgnirfiMeof the housing 

940 indndea one or more protrusions to facftinte the connection between the 
10 housing 940 and the body of cement 932. 

The sealing sleeve 942 is coupled to the support member 904, the body of 

cement 932, the spacer 938, and the upper cone retainer 944. During operation of 

the apparatus, the sealing sleeve 942 preferably provides support for the mandrel 

906. Thft fff^ 1 *ng «1 S42 to preferably coupled to the support member 904 using 
15 the coupling 922. Preferably, the sealing sleeve 942 has a subs tan t ia lly annular 

cross-section. 

The sealing sleeve 942 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel aruminnm or cast 
iron. In a preferred embodiment, the sealing sleeve 942 is febricaied from 
20 aluminum in order to optimally provide drfflabuity of the sealing sleeve 942 . 

In a particularly preferred embodiment, the outer surface of the sealing 
sleeve 942 includes one or more protrusions to feuJiate the co n n p rtir m between t^ 
sealing sleeve 942 and the body of cement 932. 

In a particularly preferred embodiment, the spacer 938 and the sealing 
25 sleeve 942 are integrally formed as a one-piece element in order to minimiie the 
number of components. 

The upper cone retainer 944 is coupled to the expansion cone 928, the 
8ealingsleeve942,smdthebc4yof<*mra During operation of the apparatus 
900, the upper cone retainer 944 preferably prevents axial m 
30 cone 928. Preferably, the upper cone retainer 944 has a substantially annular 
cross-section. 
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The upper cone retainer 944 may be fabricated from any number of 
conventional rnmmcrdally available materials such as, for example, steel, 
aluminum or cast inm. In a preferred exnbodinient, the upper cone retainer 944 
is fabricated from aluminum in order to optimally provide driflabllity of the upper 
5 cone retainer 944. 

Inapartiailarbrpre fei Tedem 
cross-sectional shape designed to provide increased rigidity. In a particularly 
preferred embodiment* the upper cone retainer 944 has a cross-sectional shape 
that is substantially tshaped to provide increased rigidity and minhnire the 
10 amotmt of material that would have to be drilled out 
l^lnbricalormandrd 
926, the upper cone retainer 944, the fabricator sleeve 948, and the guide 960. 
During operation of the apparatus 900, the lubricator mandrel 946 preferably 
contains the bo4y of lubricant in the annular region 972 for lubricating the 
15 mterfax» between the Preferably, the 

lubricator mandrel 946 has a substantial^ annular cross-section. 

The lubricator mandrel 946 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluinhmmarcasthron, In a preferred fflnhorihnent, the lubricator mandrel 946 is 
20 fabri cat e d from ahanimra in order to optimally provide driUabflity of the 
lubricator mandrel 946. 

The fabricator sleeve 948 is coupled to the lubricator mandrel 946, the 
retainer 924, the nibber cup 926, t^ 

948, and the guide 950. During operation of the apparatus 900, the lubricator 
25 sleeve 948 preferably supports the rubber cup 926. Preferably, the lubricator 

sleeve 948 has a substantially annular cross-section. 

The fabrica to r sleeve 948 may be fabricated from any number of 

conventional commercial^ available materials such as, for example, steel, 

aluminum or cast iron. In a preferred embodiment, the lubricator sleeve 948 is 
30 fabri ca te d from aluminum in order to optimally provide driDability of the 

lubricator sleeve 948. 



-86- 



As illustrated in Fig. 9c, the lubricator alcove 948 is supported by the 
Lubricator mandrel 946. The fabricator sleeve 948 in turn supports the rubber cup 
926. The retainer 924 couples the rubber cup 926 to the lubricator sleeve 948. In 
a preferred embodiment, seals 949a and 949b are provided between the lubricator 

5 mandrel 946, fabricator sleeve 948, and rubber cup 926 in order to optimally seal 
off the interior regkm 972 of the tubular member 902. 

The guide 950 is coupled to the fabricator mandrel 946, the retainer 924, 
and the fabricator sleeve 948. During operation of the apparatus 900, the guide 
950 preferably guides the apparatus on the support member 904. Preferably, the 

10 guide 950 has a substantia^ 

The guide 960 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the guide 950 is fabricated from aluminum 
order to optimally provide drillability of the guide 950 . 

15 The fluid passage 952 is coupled to the mandrel 906. During operation of 

the apparatus, the fluid passage 962 preferably conveys hardenable fluidic 
materials In a preferred embodiment, the fluid passage 952 is positioned about 
the centerline of the apparatus 900. In a particularly preferred embodiment, the 
fluid passage 952 is adapted to convey hardenable fluidic materials at pressures 

20 and flow rate ranging from aboutO to 9,000 pa and 0 to 3,000 galbna^min in order 
to cptiinafly provide pressures ami Are 
the installation of the apparatus 900. 

The various elements of to 
of conventional process such as, for example, threaded connections, welded 

25 connections or cementing. In a preferred embodiment, the various elements of the 
mandrel 906 are coupled using threaded connections and cemftntmg. 

The shoe 908 preferably inefades a houamg 954, a body tf 
sealing sleeve 958, an extension tube 960, a fluid passage 962 , and one or more 
outlet jets 964. 

30 The housing 954 is coupled to the body of cement 956 and the tower portion 
914 of the tubular member 902. During operation of the apparatus 900, the 
housing 954 preferably couples the lower portion of the tubular member 902 to the 
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shoe 908 to facilitate *b«» extrusion and pngfrgflrimg of the tubular member 902* 
Preferably, the housing 954 has a substantially annular cross-section- 

The housing 954 may be fahrirated from any number of conventional 
commercial^ available materials such as, for example, steel or aluminum. In a 
5 preferred embodiment, the housing 954 is fabricated from aluminum in order to 
optimally provide driflabfli^ of the housing 954. 

In a Ucularjy preferred BmhodrnrHmt, the interior surface of the housing 
954 includes one or more protrusions to facfliate t he connection between the body 
of cement 966 and the housing 954. 
10 The body of ceme nt «fl fr«mpifld to *h» housing PAi J and -^lt^g n lpiTr 
958. In a preferred embodiment, the com 

selected to permit the body of cement to be easily drilled cnit using conventional 
drilling machines sm d pr oce ss es ^ 

The composition of the body of cement 956 may include any number of 
15 conventional cement compositions. In an alternative embodiment, a drfllable 
material such as, for example, aluminum or iron may be substituted for the body 
of cement 956. 

The sealing sleeve 958 is coupled to the body of cement 956, the extension 
tube 960, the fluid passage 962, and one ormore outlet jets 964. During operation 

20 of the apparatus 900, the sealing sleeve 958 preferably is adapted to convey a 
hardenabie fbridic material from the fhiid passage 962 into the fluid passage 962 
and then into the outlet jets 964 in order to hx)eci the hardenableQuidk material 
into an annular region external to the tubular member 902. In a preferred 
embodiment, during operation of the apparatus 900, the sealing sleeve 958 farther 

25 inrhideaan i nl et geometry that permits a conventfamalptog or dart 974 to become 
lodged in the inlet ofthe sealing desnre 958. In this manner, the fluid passage 962 
may be blocked thereby fiuldicfr isolating the interior region 966 of the tubular 
member 902. 

In a preferred embodiment, the sealing sleeve 958 has a substantially 
30 annular enws-sectian. The sealing sleeve 958 may be f 

of conventional commercially available materials such as, for example* steel, 
aluminum or cast iron. In a preferred embodiment, the sealing sleeve 958 ia 
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fabr icated from aluminum in order to optimally provide dri liability of the sealing 
sleeve 958. 

The extension tube 960 is coupled to the sealing sleeve 858, the fluid 
passage 962, and one ox more outlet jets 964. During operation of the apparatus 

5 900, the extension tube 960 preferably is adapted to convey a hard en a b le fluidic 
material from the fluid passage 952 into the fluid passage 962 and then into the 
outlet Jets 964 in order to inject the hardenable fluidic material into an annular 
region external to the tubular member 902. In a preferred embodiment, during 
operation of the apparatus 900, the sealing sleeve 960 further indudea an inlet 

10 geometry that permit* a conventional phig or dart 974 to become lodged in the 
inlet of the seahng sleeve 958. In this maimer, the fluid passage 962 is blocked 
thereby fluididyisolatir^ la 
a prefe rred embodiment, one end of the extension tube 960 matea with one end of 
the apacer 938 in order to optimally faaJiate the transfer of materia 

15 two. 

In a preferred embodiment, the extension tube 960 has a substantially 
annular cross-section. The extension tube 960 may be fab ri 
of conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the extension tube 960 is 
20 fabricated from aluminum in order to optimally provide drfllabflity of the 

extension tube 960. 

The fluid passage 962 is coupled to the sealing sleeve 958, the extension 
tube 960, and or more outlet jets 964. During operation of the apparatus 900, 
the fluid passage 962 is preferably conveys hardenable fluidic materiala . In a 

25 preferred embodiment, the fluid passage 962 is positioned about the centerline of 
the apparatus 900. In a particular*/ preferred enibwimient, the fluid passage 962 
is adapted to convey hardenable fluidic materials at pressures and flow rate 
ranging from about 0 to 9,000 psi and 0 to 3,000 gaflona^nm order to optimally 
provide fluids at operationally efficient rates. 

30 The outletjeta 964 are coupled to the sealing sleeve 958, the extension tube 

960, and the fluid passage 962. During operation of the apparatus 900, the outlet 
jets 964 preferabry convey hardenable flu^ 
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to the region exterior of the apparatus 900. In a preferred embodiment, the shoe 
908 inchides a plnraBly of outlet jets 964. 

In a preferred embodiment, the outktjets9Meoii«^ passages drilled in 
the housing 954 And the body of cement 966 in order to simplify the construction 
5 of the apparatus 900. 

The various elements of the shoe 908 maybecoT^jfeduain^a^iramberof 
conventional process each as, for example, threaded emmec tmw, cement or 
machined from one piece of material In a preferred embodiment* the various 
elements of the shoe 908 are coupled using cement 
10 In a preferred embodiment, the assembly 900 is operated substantially as 
described above with referee 
wellbore or to repair a wellhnr* cnmig err ptjwHnfi 

In particular, in order to extend a wellbore into a subterranean tbrmatioii, 
a drill string is used in a well known rim*™** to drill out material from the 
15 subterranean formation to form a new section. 

The apparatus 900 for forming a wellbore casing in a subterranean 
formation is then positioned in the new section of the wellbore. In a perticularry 
preferred embodiment, the apparatus 900 irn?hidfrg the tubular member 915. Ina 
preferred emrxxftment, a hardenahle fluidic hardenable fluidic sealing 

20 material is then pumped from a eurfece location into the fluid passage 918. The 
hardenable fluidic sealing material thmpeaaee from the 
interior region 966 of the tubular member 902 below the mandrel 906. The 
hardenable fluidic seeling 

the fluid passage 962. The hardenable fiuidk sealing material than exits the 
25 apparatus 900 via the outlet jets 964 and fills an annular region between the 
exterior of the tubular member 902 and the interior wall of the new sect^ 
wellbore. Continued pumpingof the hardenable fluidic sealing material causes the 
material to fill up at least a portion of the annular region. 

Tbe harripnnhle fluidic sealing material is preferably pumped into the 
30 annular region at pressures and flow rates ranging, for example, from about 0 to 
5,000 psi and 0 to 1,500 galfofisMiirt, respectrvefr. In a preferred embodiment, the 
hardenable fluidic sealirig material im pm«p^ fat* tfr* «mmi*i> T ^ n t rmnureg 



and flow rates that are designed for the specific wellbore section in order to 
optimize the displacement of the hardenable fluidic sealing material while not 

CT gmtfng high pnrm gh OTCtda ting prefigures tntfh that r*rmifattfYp might be Ipst and 
that could cause the wellbore to collapse. The optimum pressures and flow rates 
5 are preferably determined usmg conventional empirical methods. 

The hardenable fluidic sealing material may comprise any number of 
amventional commercially available hardenable fluidic s ealing materials euch as, 
for example, slag mix, cement or epcxy. In a preferred embodiment, the 
hardenable fluidic sealing material comprises blended cements designed 

10 specifically for the well section being lined available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide support fo 
member while also maintaining optimal flow characteristics so as to minimize 
operational rfiffimilHofl during the displacement of the cement in the annular 
region. The optimum composition of the blended cements is preferably determined 

15 using conventional empirical methods. 

The annular region preferably is filled with the hardenable fluidic sealing 
material in sufficient quantities to ensure that, upon radial expansion of the 
tubular member 902, the annular region of the new section of the wellbore will be 
fined with hardenable material. 

20 rw» tho annular ™c*™i h«» *H<*pmtftly filled with hardenable flnidic 
sealing mfl tfrH ; a plug or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 thereby fhiidicly isolating the interior region 
966 of the tubular member 902 from the external annular region. In a preferred 
embodiment, anon hardenable fluidic material is then pumped into the interior 

25 region 966 causing the interior region 966 to pressurize. In a particularly 
preferred embodiment, the plug or dart 974, or other Mmflmr device, preferably is 
introduced into the fluid passage 962 by introducing the plug or dart 974, or other 
similar device into the non hardenable fluidic material. In this manner, the 
amount of cured material within the interior of the tubular members 902 and 916 

30 is minimized. 

Once the interior region 966 becomes sufficiently pressuri sad , the tubular 
members 902 and 915 are extruded off of the mandrel 906. The mandrel 906 may 
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be fixed or it may be expandable Daring the extrusion process, the mandrel 908 
is raised out of the expanded portions of the tabular members 902 and 915 using 
the support member 904. Duringthis extrusion process, the shoe 908 is preferably 
substantially stationary. 
6 The plug or dart 974 is preferably placed into the fluid passage 962 by 

introducing the phig or dart 974 into the fluid passage 91£ at a sur&ce location in 
a conventional manner. The plug or dart 974 may c*»»prifig any number of 
conventional cpmmgrg«lfr available dewing far plugging * flnfoi passage 
far example, Multiple Stage Gamester (MSG) latch-down ping, Omega latch-down 
10 plug or three-wiper latch down plug modified baocordanee with the teachingac^ 
the present disclosure. In a preferred rnnhodimm 

a MSC latch-down plug available from Halliburtim Energy Services in Dallas, 

After pl a ceme nt of the plug or dart 974 in the fluid passage 962, the non 
hardenable fluidic material is preferably pumped into the interior region 966 at 

15 pressures and flow rates ranging from approximately 500 to 9,000 psi and 40 to 
3,000 gallons/min in order to optimally extrude the tubular members 902 and 915 
off of the mandrel 906. 

For typical tubular members 902 and 915, the extrusion of the tubular 
members 902 and 915 off of the expandable mandrel will begin when the pressure 

20 of the interior region 966 reaches approximately 600 to 9,000 psi In a preferred 
embodiment, the extrusion of the tubular members 902 and 9 15 off of the mandrel 
906 begins when the pressure of the interior region 966 reaches approximately 
1,200 to 8,500 psi with a flow rate of about 40 to 1250 gallons/minute. 

During the extrusion process, the mandrel 906 may be raised out of the 

25 e xp and e d portions of the tubular members 902 and 915 at rates ranging, for 
example, from about 0 to 6 ft/sec. In a pretend embodhnent,duringtheextxusk>n 
process, the mandrel 906 is raised out of the expanded portions of the tubular 
members 902 and 915 at rates ranging from about 0 to 2 ft/see in order to 
optimally provide pulling speed fest enough to permit efficient operation and 

30 permit full expansion of the tubular members 902 and 915 prior to curing of the 
har d en able fluidic sealing material; but not so fast that timely adjustment of 
operating parameters during operation is prevented. 
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When the upper end portion of the tubular member 915 is extruded off of 
the mandrel 906, the outer surface of the upper end portwn of the tubular m 
915 will preferably contact the interior surface of the lower end portion of the 
*n'gti-ng casing to form an fluid tigitt over lappingjoint. The contact pressure of the 
5 overlapping joint may range, for example, from approximately 50 to 20,000 psL In 
a prpfriTH «-nhni<fi™»n^ a /wit*/* prrarairp of tha c^rerlapp mgjomt between the 
upper end of the tubular member 915 and the exiatrngaectkmof wellborecaamg 
raiigea rrom anpradina 

pressure to activate the sealing members and provide opting 
10 the tubular niember 915 airi 
compressive load ft. 

In a preferred embodiment, the operating pressure and flow rate of the non 
hardenable ffuidic material will be controUabry ramped down when the mandrel 
906 reaches the upper end portion of the tubular member 915. In this manner, the 
15 sudden release of pressure caused by the complete extrusion of the tubular 
member 915 off of the expandable mandrel 906 can be mfaimfaeri In a preferred 
embodiment, the operating pressure is reduced in a substantially linear iashion 
fiom 100% to about 10% during the end of the extrusion proce^ 
the niandrel 906 has completed apprcorimatery all but about the last 5 feet of the 

Inmahernatrveprefisrrede 
rate of the hardenab le fhiidic sealing material and/or the non hardenable fhridk 
mater ial are controlled during all phases of the operation of the apparatus 900 to 
minimise shock, 
25 Aheroatrvely, or m combination 

memb er 904 in order to absorb the shock caused by the sudden release of pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 
above the support member 904 in order to catch or at least decelerate the m^ 
906. 

30 Once the extrusion process is completed, the mandrel 906 is removed from 

the weDbore. In a preferre d embodiment, either before or after the removal 
mandrel 906, the integrity of the fluidic seal of the overlapping joint between the 
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upper portion of the tubular member 915 and the lower portion of the existing 
casmg is tested using am^ If the fhadic seal of the overlapping 

joint between the upper portion of the tubular member 915 and the lower portion 
of the existing casing is satisfactory, then the uncnred portion of any of the 
5 hardenabla flnidic sealing material within gvpmjW tubular ^ hthI*^ 915 ]$ 
then removed in a conventional manner. The hsidanabfefluidic sealing material 
within the annular region between the expanded tubular member 915 and the 
existing casing and new section of wellbore is then allowed to cure. 
Prerferabryanyr*^ 

10 the interior of the expanded tabular membera 902 aid 915 is thai removed in a 
conventional manner usinga conventional driD string. The resulting new section 
of casing preferabry includes the expanded tubular inembers 902 and and an 
outer annular layer of cured hardenabla flnidic seating ™«*^»t The bottom 
portion of the apparatus 900 comprising the shoe 908 may tten be removed by 
15 drilling out the shoe AOS usmg conventional d rilling methods 

In an alternative embodiment, during the extrusion process, it may be 
necessary to remove the entire apparatus 900 from the interior of the weU^ 
to a malfunction. In this ar mmHfam^ a conventional Ftring in used to drill 
out the interior sections of the apparatus 9«) in order to facilitate the removal of 
20 the remaining sections. In a preferred embodiment, the interior elements of the 
apparatus 900 are fabricated from materials such as, for example^ 
aluminum, that permit a conventional drill string to be employed to drill out the 
interior components. 

In particular, in a preferred embodiment, the composition of the interior 
25 Bections of the mandrel 906 and shoe 908, including cms or more of the body of 
cement 932, the spacer 938, the sealing sleeve 942, the upper 
the lubricator mandrel 946, the hibricator sleeve 948, tha guide 950, the housing 
954, the bodj of cement 956, the sealing ileeve 958, and the extension tube 960, 
are selected to permit at least some of these components to be drilled out using 
30 conventional drilling methods and apparatus, fa this manner, in the event of a 
maUhnctkm downhole, the apparatus 900 may be easOy removed from the 
weUbore. 
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Referring now to Figs. 10a, 10b, 10c, lOd, 10e, 102; and lOga method and 
apparatus for creating a tie-back liner in a wellbare win now be described. As 
illustrated in Fig. 10a, a wellbare 1000 positioned in a subterranean formation 
1002 includes a first casing 1004 and a second easing 1006. 
6 The first casing 1004 preferably includes a tubular liner 1008 and a cement 

anmihis 1010. The second casing 1006 preferably memdet a tubular liner 1012 
and a c em ent annuhis 1014. In a preferred embodiment, the sec on d casing 1006 
is fanned by «wp™rf™ff a tabular member substantially as described above with 
reference to Kg*. l-9c or below with reference to Rgs. lift-Ill 
10 In a particularly preferr ed emb odiment , an upper portion of the tabular 
liner 1012 overlaps with a kiwm pui lion of the tubular liner 1008. In a particular^ 
p r efe rred embodiment, an outer surface of the upper portion of the tubular liner 
1012 includes one or more sealing members 1016 for providing a fluidic seal 
between the tubular liners 1008 and 1012. 
15 Referring to Fig. 10b, in order to create a tie-back Kner that extends from 

the overlap between the first and second casings, 1004 and 1006, an apparatus 
1 100 is preferably provided that includes an expandable mandrel or pig 1105, a 
tubular member 1110, a shoe 1116, one or more cup seals 1120, a fluid passage 
1130, a Quid passage 1136, one or more fluid passages 1140, seals 1146, and a 
20 support member 1160. 

Th* expendable mandrel or pig 1106 is coupled to and supported by the 
support member 1160. The expandable mandrel 1105 is preferably adapted to 
controllably expand in a radial direction. The npandahte mandrel 1105 may 
comprise any numb er of conventional commercially available expandable mandrels 
25 modifiedin accordance with the teachings of the present di^^ 

embodiment, the expandable mandrel 1105 comprises a hydraulic ex p ansion tool 
substantially as disclosed in UJS. Pat. No. 6,348,095, the disclosure of which is 
incorp or ated herein by reference, inodified in accordance 
present disclosure. 

SO The tubular member 1110 is coupled to and supported by the expandable 
mandrel 1105. The tubular member 1105 is expanded in the radial direction and 
extruded off of the expandable mandrel 1105. The tubular member 1110 may be 
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fabricated from any number of materials such as, for example. Oilfield Country 
Tubular Goods, 13 chromium la a preferred embodiment, 

the tubular member 1 1 10 is fabricated from Oilfield Country Tubular Goods. 
The inner and outer diameters of the tubm^inember 1110 may nmge, for 
5 example, from approximately 0.75 to47iryhfffiimri 1.05 to 
In a preferred embodiment, the inner and outer diameters of the tubular member 
1110 range from about 3 to 15.5 inches and 3JS to 16 indies, respectively in order 
to optimalryrTOvidecoTCi^for typical oilfield rating Bites. The tubular member 
1110 preferably comprises a eolid member. 
10 In a prrfiarred embodiment 

1110 is slotted, perforated, or otherwise modified to catch or alow down the 
mandrel 1106 when it completes the extrusion of tubular member 1110. In a 
preferred embodiment, the length of the tubular member 1110 is limited to 
minimise the possibility of budding. For typical tubular member 1110 materials, 
15 the length of the tubular member 11 10 is preferabry limited to between about 40 
to 20,000 feet in length. 

ThB shoe lllfi is coupled to the expandable mandrel 1105 and the tubular 
member 11 10. The shoe 1115includes the fluid passage 1135. The ahoe 1115 may 
comprise any number of conventional commerdalry available shoes such as, for 
20 exampk^SmraSealHiloatshtt^ 

with a sealing sleeve fin* a latch down pmg modzffad in accordance with the 
t eachings of the present disclosure. In a preferred embodiment, the shoe 1115 
comprises an ahiminum down-jet guide shoe vrith a sealing sleeve for a Utch-down 
plug with side ports radiating off of the exit flow port available from Halliburton 
25 Energy Services in Dallas, IX, modified m accordant 

present disclosure, in order to optimally guide the tubular member 1100 to the 
overlap between the tubular member 1100 and the casing 1012, optimally fluididy 
isolate the interior of the tubular member 1100 after the latch down plug has 
seated, and optimally permit drillmgoutof theshoe U15aiterc»mpletionof ^ 
30 expansion and cementing operations. 

In a preferred embocfiment, the shoe 1115 indmles one or mere side outlet 
ports 1140 in fluidic communication with the fluid passage 1135. Ia this manner, 
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the shoe 1115 injects hardenable flmdic ffsaliogmaterial Into the region outside the 
shoe 1115 and tubular member 1110. In a preferred embodiment, the shoe 1115 
includes one or more of the fluid passages 1 140 each having an inlet geometry that 
can receive a dart and/or a baB sealing member. In this manner, the Paid passages 
5 1140 can be sealed offtyinti^uringaptag, dart 
the fluid passage 1130. 

The cup seal 1120 is coupled to and suppented by the support member 1160. 
The cup seal 1120 prevents foreign matariala from enteing the intoknr region of 
the tubular member 1110 a4jacent to the expandable mandrel 1105. Tha cup seal 

10 1120 may omrrrif ff i^y number of conventional «nnmer«a% gvaflable cap aeala 
mch as. for frr^tnplft, TP rap* or SekgiivB Injection Packer (SEP) enp* modified in 
accordance with the teftchtngw of the present disclosure. In a pre f erred 
embodiment, the cap seal 1120 comprises a SIP cop, available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a barrier to debris and 

15 contain a body of lubricant. 

The fluid passage 1130 permits fluidic materials to be transported to and 
from the interior region of tha tubular member 1110 bebw the expandable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
support member 1150 and the expandable mandrel HQS. The fluid passage 1130 

20 preferably extends from a position adjacent to the surface to the bottom of the 
expandable mandrel 1105. The fluid passage 1130 is preferably positioned along 
a centeriine of the apparatus 1100. The fluid passage 1 ISO is preferably selected 
to transport materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3 ,000 gallons/minute and 0 to 9 ,00 0 psi in order 

25 to optimally provide sufficient operating pressures to circulate fluids at 
operationally efficient rates. 

The fluid p a ft ftftg * 1 1 fin wiu» ttiofj^ftU »«m«Tn1ttj>d frnm fluid 

passage 1130 to the interior of the tubular member 1110 below the mandrel 1105. 
The fluid passages 1140 permits fluidic materials to be transported to and 
30 from the region exterior to the tubular member 1110 and shoe 1115. The fluid 
passages 1140 are coupled to and positioned within the shoe 1115 in fluidic 
communicatio n with the interior region of the tubular member 1110 below the 
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expandable mandrel 1105. The fluid passages 1140 preferably have a cross- 
sectional shape that pennitsapiug, or other enmlar device, to be placed in the fl^ 
passages 1140 to thereby block further passage of ftuidic ™««*»n'»iq In this 
manner, the interior region of the tubular member 1110 beiow the expandable 
5 mandrel 1105 can be Quididy isolated from the region exterior to the tubular 
member 1105. This penrdts the intaiiar region 
the expandable mandrel 1105 to be preesurixed. 

The fluid passages 1140 are preferabry portioned along the periphery of the 
shoe 1115. The fluid passages 1140 are preferably nfected to convey materials 
10 such as cement drilling mud or eparies at ftetw rates and prtmnr** ran ging fr^ 
about 0 to 3,000 galkmf/mimrte and 0 to 9,000 psi in order to optimally fill the 
annular region between the tubular member U10 and the tubular liner 1008 with 
fluidic materials. In a preferred embodiment, the fluid passages 1140 inchtde an 
inlet geometry that can receive a dart and/or a ball sealing member. In this 
15 manner, the fluid passages 1140 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 1130. In a preferred 
embodiment, the apparatus 1100 includes a plurality of fluid passage 1140. 

In an alternative embodiment, the base of the shoe 1116 includes a single 
inlet passage coupled to the fluid passages 1140. that is adapted to receive a plug, 
20 or other similar device, to permit the inters 

to be fhndicry isolated from the exterior of the tubular member 1110. 

The seals 1145 are coupled to and supported by a lower end portion of the 
tubular member 1110. The seals 1145 are ftirther positioned on an outer surface 
of the lower end portion of the tubular member 1110. The seals 1145 permit the 
25 overiappingjoint between the iqppereodportooftliecnfa« 1012 and the lawra* 
end portion of the tubular member 1110 to be fluidicry sealed. 

The seals 1145 may comprise any ^mnKT of conventional commercially 
available seals such as, for example, lead, rubber, Teflon or epoc^ seals modified 
in accordance with the teachings of the present disclosure. In a pr e fe rre d 
30 embodiment, the seals 1145 comprise seals molded from Bteatalock epoxy av ailab le 
from Halliburton Energy Services in Dallas, TX in order to optimally provide a 
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hydxmilfc seal m the overlappmgjomtan^ 

to withstand the range of typical tensile and compressive loads. 

In a preferred embodiment, the seals 1146 are selected to optimally provide 
a CTiffSnVntfirirtinrml force to support the expanded tubular member 1110 from the 
6 tabular liner 1008. In a pi efCTedembodiment, the frictional force provided by the 
seals 1145 ranges from about 1,000 to 1,000,000 Ibfin tension and compression in 
order to optimally support the expanded tubular member 1110. 

The support member 1150 is coupled to the expandable mandrel 1105, 
tubular member 1110, shoe 1115, and seal 1120. The support member 1150 
10 preferably comprises an annular member having sufficient strength to carry the 
apparatus 1100 into the wellborn 1000. In a preferred embodiment, the support 
member 1150 further includes one or more con v e nt ional centrahters (not 
illustrated) to help stabilise the tubular member 1110. 

In a preferred embodiment, a quantity of lubricant 1150 is provided in the 
16 annular region above the expandable mandrel 1105 within the interior of the 
tubular member 1110. In this manner, the extrusion of the tubular member 1110 
off of the grpp*>d«M« mandrel 1105 is facilitated. The lubricant 1150 may 
comprise any number of conventional commercially available lubricants such as, 
for example, LabTiplfft ^^ ?i"^ nKa ^ lubricants or Climax 1500 Antiseize (8100). 
20 In a preferred embodiment, the lubricant 1150 comprises Climax 1500 Antiaeize 
(3 100) available from CUmax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide lubrication for the extrusion process. 

In a preferred embodiment, the support member 1150 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1100. In this 
25 manner, the introduction of foreign material into the apparatus 1100 ism mimiied 
This ^nirm«Hi the possibility of foreign material clogging the various flow 
passages and valves of the apparatus 1100 and to ensure that no foreign material 
interferes with the expansion mandrel 1105 during the extrusion process. 

In a particularly pre f erred embodiment, the apparatus 1100 includes a 
SO packer 1155 coupled to the bottom Bection of the shoe 1115 for fluidkly isolating 
the region ofthewellbore 1000 below the apparatus 1100. In this manner, fhudic 
materials are prevented from entering the region of the weUbore 1000 below the 
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apparatus 1100. The packer 1155 may comprise any number of conventional 
commercially available packers such as, for example, EZ Drill Packer, EZ SV 
Packer or a (billable cement retainer. In a preferred embodiment, the packer 
1166 comprises an EZ Drill Packer available from Haffiburto 
5 Dallas! TX In an alternative embodiment, a high gel strength pill may be set 
below the tie4)ackmplace(rfthe packer 1165. In another alternative embodiment, 
the packer 1155 may be omittecL 

In a preferred embodiment, before or after positioning the apparatus 1100 
within the weQbore 1100 f a couple of weHbore volumes are circulated in order to 

10 gpgiPB that no foreign material! art* loefttad within the w^IIHrmp 1000 tW™tgh* 

dog up the various flow passages and valves of the apparatus 1100 and to eiisure 
that no foreign material interferes with the operation of the expansion mandrel 
1105. 

AsiIhi£tratedinFi& 10c, a haxd^ablefhiidicsealiiig material 1160 is then 

15 pumped from a surface kxation into the fluid passage 1130. The material 1160 
then passes from the fluid passage 1130 into the interior region of the tubular 
member 1110 below the expandable mandrel 1105. The material 1160 then passes 
from the interior region of the tubular member 1110 hito the fhiid passages 1140. 
The material 1160 then exits the apparatus 1100 and fills the annular region 

20 between the exterior of the tubular member 1110 and the interior wall of the 
tubular Uner 1008. C ont i nu ed pumping of the material 1160 causes the material 
1160 to fill up at least a portion of the annular region. 

The material 1160 maybe pumped into the annular region at pressures and 
flow rates ranging, for example, from about 0 to 5,000 psi and 0 to 1,500 

25 galtons/min, re spec tiv ely, in a piwfai-wM* embodiment, material 1 1 fifl in pnmimd 
into the annular region at pressures and flow rates specifically designed for the 
casing sixes being run, the annular spaces being filled, the p umpin g equipment 
available, and the properties The optimum flow rates 

and pressures are preferably calculated using conventional empirical methods. 

30 Thehardenahteftaidicsea 

conventional conunereialry available hardenable flnidk sealing materials such as, 
for example, slag mix, cement or epaxy. In a preferred embodiment, the 
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hardenable fluidic sealing material 1160 comprises blended cements specifically 
designed for well section being tied-back, available from Halliburton Energy 
Services in Dallas, IX in order to optimally provide proper support for the tubular 
member 1110 while maintaining optimum flow characteristics ao as to minimize 
5 operational difficulties daring the displacement of cement in the annular region. 
The optimum blend of the blended cements are preferably determined using 
conventional empirical m eth ods. 

The annular region may be filled with the material 1160 in sufficient 
quantities to ensure that, upon radial expansion of thetubularmember 1110, the 
10 ^tmiUt region will be filled with material 1 160 . 

AaflhxetratedinFig. lOd,once^anim]arregi0n has been adequately filled 
with material 1160, one or more plugs 1166, or other similar devices, preferably 
are introduced into the fluid passages 1 140 thereby Guidkly isolating the interior 
region of the tubiilarmem 
15 member 1110. In a preferred embodiment, a 

is then pumped into the interior region of the tutelar member 1110 below the 
mandrel 1105 causing the interior region to preseurixe. In a particularly preferred 
embodiment, the one or more plugs U65, or other similar devices, are introduced 
into the fluid passage 1140 with the introduction of the nan hardenable fluidic 
20 material, In this manner, the amount of hardenable fluidic material within the 
interior of the tubular member 1110 is minimized. 

As illustrated in Fig. 10e, once the interior region becomes sufficiently 
pressurized, the tubular member 1110 is ertruded off of the expandable mandrel 
1105. During the extrusion process, the expandable mandrel 1105 is raised out of 
25 t he expanded portion of the tubular member 1110. 

The plugs 1165 are preferably placed into the fluid passages 1140 by 
introducing the plugs 1165 into the fluid passage 1130 at a surface location in a 
conventional manner. The plugs 1 165 may comprise any number of conventional 
commercially available devices from plugging a fluid passage such as, for example, 
30 brass balls, plugs, rubber balls, ordarta modified in accordance with the t eachings 
of the present disclosure. 
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Ia a preferred embodiment* the plugs 1165 comprise low density robber 
balls. In an alternative wmhftrtmmnt, for a HQS hmvrng m common 
inlet passage, the ptaga 1165 comprise a mngte latch dawn dart 

After placement of the plugs 1165 in the fluid passages 1140, the non 
6 hardenable fluidic material 1161 is preferably pumped into the interior region of 
the tabular member 1110 below the mandrel 1105 at pressures and flow rates 
ranging from approximately 500 to 9,000 psi and 40 to 3,000 gaDonstoin. 
In a preferred embodiment, afterphoement of thephigs 1165 in the fluid passages 
1140, the non hardenahk fluidic material 1161 is preferably pumped into the 
10 interior region the tubular member mo below the mandrel 1105 at prwsores 
and flow rates ranging from appruilmatefr 1200 to 8500 psi and 40 to 1250 
gallonaftnin in order npfaniXfy pramA$ extrusion flf typical tubulara, 

For typical tubular members 1110, the extrusion of the tubular member 
1110 off of the expandable mandrel 1105 will begin when the pressure of the 
15 interior regionof the tubular nwnber 1110 below the 

example, approximately 1200 to 8500 psL In a preferred embodiment, the 
fixtrumon of the tubular member 1110 off of the expandable mandrel 1105 b egins 
when the pressure of the interior regkm of the tubular member 1110 below the 
mandrel 1105 reaches approximately 1200 to 8500 psL 
20 During the extrosfcmpnwesa, the expand 

out of the expanded portion of the tubular member 1110 at rates ranging, for 
example, from aboutO to 5 ft/sec. In a preferred embodiment, during the extrusion 
process, the expandable mandrel 1105 i* raised out of the expanded portion of the 
tubular member 1110 at rates rangmgfhm about 
25 provide permit adjustment of operational parameters, and optimally ensure that 
the extrusion process wDl be completed before the material 1160 cures. 

In a preferred embodiment, at least a portion 1180 of the tubular mo 
1110 has an internal diameter less than thfloiitaidedijmirfgrnft>i»TTi OT ^i uqe 
In this manner, when the mandrel U05 expands the section 1180 of the tabular 
30 member 1110, at least a portion of the expended section 1180 effects a seal with 
at least the wellbore casing 1012, Inapartteilarfr preferred embodiment, the seal 
is effected by compressing the seals 10 16 between the expanded section U80 and 
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the weDbarefflsmg 1012. Id a preferred embodiment, the contact pressure of the 
joint between the expanded section 1180 of the tabular member 1110 and the 
casing 1012 ranges from about 600 to 10,000 psi in order to optimally provide 
pressure to activate the sealing members 1145 and provide optimal resist/men to 
5 ensure that the joint wffl withstand typi^ 
loads. 

In an alternative preferred embodiment, substantially all of the entire 
length of the tubular member 11M 

diameter of the mandrel 1105. In this manner, extrusion of the tulralar member 
10 1110 by the mandrel 1105 results in contact between substantially all of the 
expanded tubular member 1110 and the existing casing 1008. In a preferred 
embodiment, the contact 

member 1110 and the casings 1008 and 1012 ranges from about 500 to 10,000 psi 
in order to optimally provide presses the sealing members 1145 and 

15 pnrride optimal resistance to ensure that the joint will withstand typical ^trmea 
of tensile and compressive loads. 

In a preferred embodiment, the operating pressure and flow rate of the 
material 1161 is controllaMy ramped down when the expandable mandrel 1105 
reaches the upper end portion ofthe tubular member 1110. In this manner, the 
20 sudden release of pressure caused by the complete extniskm of the tubular 
member 1110 off of the expandable mandrel 1105 can be minftntupd In a 
preferred embodiment, the operating pressure of the fluidic material 1161 is 
reduced ma substantial^ from l(Kr% to alxnxt 10% during the e^ 

of the extrusion process beginning when the mandrel 1105 has completed 
25 approximately aD but about 5 feet of the extrusion process. 
Alterrotrvely.OTmcomb^ 
member 1150 in order to absorb the shock caused by the sudden release of 

pressure. 

AlUgru ali v ely , or in combination, a mandrel catching structure is provided 
30 in the npperend portion of the tubular member 1110 to 
decelerate the mandrel 1105. 
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Referring to Fig. lOf, once the extrusion process is nrmpU*^ the 
expandable mandrel 1106 is removed from the wellbore 1000. In a preferred 
embodiment, either before or after the removal of the expandable mandrel 1105, 
the integrity of the flnidk seal of the joint between the upper portion of the 
5 tubular member 1110 and the upper portion of the tubolar ti™»r 1108 is tested 
using conventional methods. If the flnidk seal of the joint between tlx© upper 
portion of the tubular member 1110 and the upper portion of the tubular liner 
1008 is satisfactory, then the uncured portion of the n fflfrri fll 1160 within the 
expanded tabular member 111Q ix than removed » erm^ pnt wal manner. The 
10 m«terifti i ifio mrfthfn »Ka Tmtiio^ b?tw?m thft tubular member 1110 and 
the tubular liner 1008 to then allowed to cure. 

As illustrated in Kg. 1% preferably any remaining cured material 1160 
within the interior of the expanded tabular member 1110 is then removed in a 
conventional manner tiring* coiryentional «4nng The resulting tie-back liner 
15 of casing 1170 includes the expanded tabular member 1110 end an outer annular 
layer 1175 of aired material 1160. 

As illustrated in Fig. 10g, the remaining bottom portion of the apparatus 
1100 comprising the shoe 1116 and packer 1155 is then preferably removed by 
drilling out the shoe 1115 and packer 1156 using conventional drilling methoda 
20 In a particularly pi efet ie d embodiment, the apparatus 1100 incorporates 

the apparatus 900. 

Referring now to Figs, lla-llf; an enmodfanentofanapparatM and method 
forharigingatubiilarJtoer 

As illustrated in Fig. 11a, a wellbore 1200 is positioned in a subterranean 
25 formation 1205. The wellbore 1200 

a tubular casing 1216 and an *nmr1*T» outer layer of cement 1220. 

In order to extend the weDbore 1200 into the subterraiiean formation 1205, 

a drill string 1226 Is used in a well known nmnnrr to drill out material from the 

subterranean formation 1205 to form a new section 1280. 
30 As illustrated in Fig. lib, en apparatus 1300 rorforrm^ 

in a subterranean formation is then positioned in the new section 1230 of the 

wellbore 100. The apparatus 1300 preferably includes an expandable mandr el or 
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pig 1305, a tabular member 1310, a shoe 1315. a fluid passage 1320, a fluid passage 
1330, a fluid passage 1335, seals 1340, a support member 1345. and a wiper plug 

1360. 

The expandable mandrel 1305 Is coupled to and supported by tbe support 
S member 1345. The expandable mandrel 1305 is preferably adapted to controllably 
expand in a radial direction. Hie expandable mandrel 1305 may comprise any 
number of conventional commercially available expendable mandrels modified in 
accordance with the teaching of the present disclosure. In a preferred 
emb o dimen t, the expandab le mandrel 1306 comprises a hydraulic expansion tool 

10 substantially as discloaed in UJB. Fat No. 5,346,095, the disclosure of which is 
incorporated herein by reference, mo di fied in accordance with the teachings of the 
present disclosure. 

The tubular member 1310 is coupled to and supported by the expandable 
mandrel 1305. The tubular member 1310 is preferably expanded in the radial 

15 direction and extruded off of tbe expendable mandrel 1305. The tubular member 
1310 may be fabricated from any number of materials such as, for exampk,OuBeld 
Country Tubular Goods (OCTG), 13 chromium steel tubing/casing or plastic 
casing. In a preferred embodiment, the tubular member 1310 is fabricated from 
OCTG. The hmer and onter diameters 

20 example, from approximately 0 .75 to 47 inches and 1 .05 to 48 inches, respectively. 
In a preferred embodiment, the iimer and outer diameters tf 
13 10 range from about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order 
optimalry provide nrjp*™«l ijA*arnjAr\gHifa± in the most commonly enmuntered 
wellbore axes. 

25 In a preferred embodiment, the tubular member 1310 includes an upper 

portion 1355, an intermediate portion 1360, and a lower portion 1365. In a 
prefiarxed embodiment, the waM 

1355 of the tubular member 1310 range fiw about 3/8 to 1 % imshes and 3 Vi to 
16 inches, respectively. In a preferred embodiment, the waU thickness and outer 
30 diame ter of fee intermediate portion 1360 of the tubular member 1310 range from 
about 0.625 to 0.75 inches and 3 to 19 inches, respectively. In a preferred 
embodiment, the wall thickness and outer diameter of the lower portion 1365 of 
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the tubular member 1310 range fiom about 3/8 to li> inches and 3i> to 16 inches, 
respectively. 

In a particularly preferred embodiment, the wall thickness of the 
intermediate section 1880 of the tabular member 1310 is leas than or equal to the 
5 wall thickness of the upper and tower sections, 1355 and 1365, of the tubular 
member 1810 to order to o ptimally fecfliate the init iat ion of the extrusion pro ce ss 
and optimally permit the placement of the apparatus in areas of the wellbore 
having tight clearances. 

The tubular member 1310 preferably comprises a solid member. In a 
10 preferred embodiment, the upper mi portion 1865 of the tubular member 1310 
is slotted, perforated, or otherwise modified to catch or slow down the mandrel 
1305 when it completes the extroaion cf tubular member 1310. In a pr efe r re d 
embodiment, the length of the tubular member 1310 is limited to ">^^ the 
possibility of buckling. For typical tubular member 1310 materials, the length of 
15 the tubular member 1310 ia preferably limited to between about 40 to 20,000 feet 
in length. 

Die shoe 1316 ia coupled to the tubular member 1310. The shoe 1315 
preferably includes fluid passages 1330 and 1335. It* shoe 1315 may comprise 
any number of conventional commercially available shoes such as, for ***»*pi« 

20 Super Seal H float shoe, Super Seal H DownJet float shoe or guide shoe with a 
sealing sleeve far a latch-down plug modified in accardaa» with the tea^ 
the present disclosure. In a preferred embodiment, tha shoe 1815 comprises an 
aluminum down-jet guide shoe with a aealingdaeve far alatdwiown plug available 
from Halliburton Energy Service* in Dallas, TX, modified in accordance with the 

25 teachings of the present disclosure, in order to optimally guide the tubula r member 
1310 into the weffixm 1200 t optima^ 

member 1310, and optimally permit the complete drill out of the shoe 1815 upon 
the completion of the extrusion and cementing operations. 

In a preferred embodiment, the shoe 1315 further includes one or more side 
30 outlet ports in fhndic coTnTmrmcatioD with the fluid passage 1830. Inthismanner, 
the shoe 1315 preferably injects h«rfimnM» fWi- aealingmaterial into the region 
outside the shoe 1315 and tubular member 1310. in aprefened embodiment, the 
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shoe 1316 includes tha fluid passage 1330 having an inlet geometry that can 
receive a fluidic sealing member. In this manner, the fluid passage 1330 can be 
sealed off by introducing a prog, dart and/or ball sealing el e m e nts into the fluid 
passage 1330. 

6 The fluid paasage 1320 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1310 below the expandable 
mandrel 1306. The fluid passage 1320 is coupled to and positioned within the 
support member 1345 and the expandable mandrel 1305. The fluid passage 1320 
preferably extends from a position adjacent to the surface to the bottom of the 

10 expandable mandrel 1305, The fluid passage 1320 is prefab 

a centerfine of the apparatus 1300. The fluid passage 1320 is preferably selected 
to transport materials such as cement, drilling mud, ox epoxies at flow rates and 
pressures Tangrug from ab<^ 

to optimally provide sufficient operating pressures to circulate fluids at 

15 operationally efficient rates. 

The fluid passage 1330 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1330 is coupled to and positioned within the shoe 1315 in fluidic 
communication with the interior region 1370 of the tubuJ« 

20 the ex pandable mandrel 1305. The fluid passage 1330 preferably has a crosa- 
sectional shape that permits a plug, or other similar device, to be placed in fluid 
passage 1330 to thereby block further passage of fluidic materials. In this manner, 
the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305 can be fluidicry isolated from the region exterior to the tubular 

25 member 1310. This permits the interior region 1370 of the tabular 

betow the expandable mmd^ The fluid passage 1330 is 

preferably positioned substantially along the centerime of the apparatus 1300. 

The fluid passage 1330 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 

30 to 3,000 gallorisMinute and 0 to 9,000 psi tn order to optimally All the annular 
region between the tubular member 1310 and the new section 1230 of the weflbore 
1200 with fluidic materials. In a prefer red embodiment, the fluid passage 1330 
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includes an inlet geometry that can receive a dart and/or a ball sealing member. 
In thw manner, the fluid passage 1330 can be sealed offty introducing a plug, dart 
and/or baD sealing elements into the flnid passage 1320. 

The fluid passage 1335 permita fluidic materials to be transported to and 
5 from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1336 is coupled to and positioned within the shoe 1315 in fluidic 
comm unf ration with the fluid passage 1330. The fluid passage 1336 is preferably 
positioned substantially along the centerline of the apparatus 1300. Hie fluid 
passage 1335 is preferably selected to convey materials such as cement, drilling 
10 mud or epoxiea at flow rates and preawres ranging from about 0 to 3,000 
gallons/minute and 0 to 9,000 pei in order to optimally fin the annular region 
between the tubular member 1310 and thenar 
with fluidic materials 

The seals 1340 are coupled to and supported by the upper end portion 1855 
15 of the tubular member 1310. The seals 1340 are farther positioned on an outer 
surface of the upper end portion 1355 of the tubular member 1310. The seals 1340 
permit the overlapping joint between the tower end portion of the casing 12 15 and 
the upper portion 1355 of the tubular member 1310 to be fluidicly sealed. The 
seals 1340 may comprise aqy number <)f conventional <»mmm>iAifr available ftf alg 
20 such as, for example, lead, rubber, Tefkm, or epoxy seals modified in accordance 
with the teachings of the present disclosure. In a preferred embodiment, the seals 
1340 comprise seals molded from Btratalock epozy available from Halliburton 
Energy Services in Dallas. TX in order to optimally provide a hydra^ilk seal in the 
annutas of the over lapping joint while also creatingoptimd load bearing capabilil^ 
25 to withstand typical tensile and compressive loads. 

In a preferred embodiment, the seals 1340 are selected to optimally provide 
a sufficient frictions! force to mppnrfc the expanded tnh thtrmpmbtrr 13 10 from the 
existing casing 1215. In a preferred embodiment 

the seals 1340 ranges from about 1,000 to 1,000,000 Ibf in order to optimally 
30 support the expanded tubular member 1310. 

The support member 1345 is coupled to the expandable mandrel 1305, 
tubular member 1310, shoe 1316, and seals 1340. The support member 1345 
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preferably comprises cm annular member having sufficient strength to carry the 
apparatus 1300 into the new section 1230 of the wellbore 1200. In a preferred 
embodiment, thesupport member 1345 further includes one or more conventional 
centrahxers (not illustrated) to help stabilize the tubalar member 13 10. 

5 in a pr^fqrmt ^K^WTit th» rapport member 1846 is thoroughly cleaned 

prior to assembly to the remaining portions of the apparatus 1300. In this 
man™*- , ^introduction of fonH m materi al into the apparatus ISOOfa mijimmrri 
Hils n anmuxeB the possibility of foreign material clogg ing the various flow 
passages and valves of th* apparatus 1300 and to ensure thai no foreign m 

10 interferes with the expansion process. 

The wiper plug 1350 is counted to the mandrel 1305 within the interior 
region 1370 of the tubalar member 1310. The wiper plug 1350 inclndee a fluid 
passage 1375 that is counted to the IhiidpassagB 1320. The wiper phxg 1350 may 
co mprise one or more conventio nal commercially available wiper plugs such as, for 

15 example, Multiple Stage Cementer latch-down plugs, Omega latch-down plugs or 
three-wiper latch-down plug modified in accordance with the t eachings of the 
present disclosure. In a preferred embodiment, the wiper plu^ 1360 ajnttmsea a 
Multiple Stage Cementer latch-down plug available from Halliburton Energy 
Services in Dallas, TX modified in a conventional manner for releasable 

20 attachment to the expansion mandrel 1305. 
In a preferred embedin^ 
withm the new section 1230 of the we^ 

circulated in order to ensure that no foreign materials are located within the 
wellbore 1200 that might dog up the various flow passages and valves of the 
25 apparatus 1300 and to ensure that no foreign material interferes with the 
extrusion process* 

As illustrated in Pig. He, ahardenable fluidlc BeaHngmaterial 1380 to then 
pumped from a surface location into the fluid passage 1320. The material 1380 
then passes from the fluid passage 1320, through the fluid passage 1375, and into 
30 the interior region 1370 of the tubular member 1310 below the expandable 
mandr el 1805. The material 1380 then passes fifths mterior region 1370 into 
the fluid passage 1330. The material 1380 then exits the apparatus 1300 via the 
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fluid passage 1335 and fills the annular region 1390 between the exterior of the 
tubular member 18 10 and the interior wail of the new sectta 
1200. Continued pumping of the material 1880 causes the material 1380 to fin pp 
at least a portion of the annular region 1890. 
5 The material 1380 may be pumped into the annular region 1390 at 
pressures ami flow rotes ranging, for emmpto, from about 0 to 5000 psi and 0 to 
1^600 gallona/mm, respectively. In a preferred embodiment, the material 1380 is 
pumped into the annular region 1390 at pressures and flow rates ranging from 
about 0 to 5000 psi and 0 to 1JBQQ gallmia/min, respective 
10 fni the annular region between 

of the wellhore 1200 with the hardenable fhridle seal^ 

The haxdenab le fhiidic sealing material 1380 may comprise any number of 
conventional commeraally available har 

for fiTflinplft, slag mix, cement or epoxy. In a preferred embodiment, the 
15 hardenahle fluidic sealing material 1380 comprises blended cements Hwrignori 
sprcificalfy for the weU section b 
Services in order to optimally provide 

displacement of the material 1380 in the annular region 1390. Hie optimum blend 
of the ceuiFnt is p re f erably determined using conventional empirical methods. 

20 The annular region 1390 preferably is filled with the material 1380 in 

sufficient quantities pnmy** thw^, upon radial tapp " ^tot 1 a* the tubula r member 
1310, the annular region 1390 of the new section 1230 of the welln^ 
filled with material 1380. 

As illustrated in Fig. lid, once the annular region 1390 has been adequately 

25 filled with material 1380, a vriper dart 1395, or other «*^fl»T device, is introduced 
into the fluid passage 1320. The wiperdart 1385 iapreferahry pumped throu^i the 
fluid passage 1320 by *> pan >»mlminhu fhrM ™ Q »^ a i 1-**" The wiper dart 1395 
then preferably engages the wiper plug 1360. 

As illustrated in fig. lie, in a preferred embodiment, engagement of the 

30 wiper dart 1395 with the wiper phig 1350 causes the wiper phig 1350 to decouple 
from the mandrel 1305. The vriperdart 1396 and wiperphig 1350 then preferably 
will lodge in the fluid passage 1330, thereby blocking fluid flow through the fluid 



passage 1330. and fluidkry isolating the interior region 1370 of the tubular 
member 13 10 from the annular region 1390. In a preferred embodiment, the non 
hardenable fluidic material 1381 is then pumped into the interior region 1370 
causing the interior region 1370 to pressurize. Once the interior region 1370 
5 becomes sufficiently pressurised, the tubular member 1310 is extruded off of the 
expandable mandrel 1306. Durmg the extrusion p 

1305 is raised out of the expanded portion of the tubular member 1310 by the 
support member 1345. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 
10 iritro<tach^the wiper dart 1395 in to the fluid passage 1320 at a surface kxatioa 
in a conventional manner. The wiper dart 1395 may comprise any number of 
conventional commert^^ 

for example, Multiple Stage Cementer latd^down plugs, Omega 1 etch-down phifes 
or three wiper latri>-<k^ 
15 the present disclosure. In a preferred embodhnent, the wipw 

a three wiper latch-down plug modified to latch and seal in the Multiple Stage 
Cementer latch down ptag 1350, The three wiper latch-down plug is available 
from Halliburton Ener^ Services hi Dallas, TX. 

bl^V^ g t>M» fluid passage 1330 using the wiper plug 1330 and wiper 
20 dart 1895, the non hardenable fluidic material 1381 may be pumped into the 
interior region 1370 at pressures and flow rates ranging, for example, from 
approximately 0 to 6000 pd and 0 to 1,500 gaDons/min in order to optimally 
extrude the tubular member 1310 off of the mandrel 1305. In this manner, the 
amount of hardenable fluidic material within the interior of the tubular member 
25 1310isminimixed. 

In a pref erred embodiment, after blocking the fluid passage 1330, t^ 
hardenable fluidic material 1381 is preferably pumped into the interior region 
1370 at pressures and flow rates ranging frcmi approximately 
40 to 3,000 gallons/mm in order to optimairy provide operating pressures to 
30 maintain the expansion process at rates sufficient to permit adjustments to be 

wmriA in tffWITtfag pfl wnp * J * rg during thft ggtrusinn process. 
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For typical tabular members 1310, the extrusion of the tubular member 
1310 off of the expandable mandrel 1305 win begin when the pressure of the 
interior region 1370 reaches, for example, approximately 500 to 9,000 psi In a 
preferred embodiment, the extrusion of the tubular member 1310 off of the 
5 expandable mandrel 1305 is a Amotion of the tubular member diameter, wall 
thickness of the tubular member, geometry of the mandrel, the type of hibrioait, 
the compofrition of the shoe and tubular m e mb er, and the yield strength of the 
tubular member. He optiumm flow rate and operating pressures are preferably 
deter mined using con ^tt^khihI empirical t oct h o da 
10 During the ffrtmrinn process, the expendable mandrel 1305 may be raised 

out of the expended portion of the tubular member 13 10 at rates ranging; for 
example, from about 0 to 6 fi/nc. In a preferred embodiment, during the extrusion 
process, the expandable mandrel laos may be rained aat ftfth* expande d portion 
of the tabular member 1310 at rates ranging from about 0 to 2 ft/sec in order to 
16 optimally provide an efficient process, optimally permit operator adjustment of 
operation parameters, and ensure optimal completion of the extrusion process 
before curing of the material 1380. 

When the upper ead portion 1356 of the tubular member 1310 is extruded 
off of the expandable mandrel 1305, the outer surface of the upper end portion 
20 1355 ofthe tabular mamber 1310 

tower end portion ofthe casing 1215 to ftmn an fluid ti^ overlappi ng joint Tbss 
contact pressure of the overlapping joint may range, for example, from 
approximately 50 to 20,000 psL In a preferred embodiment, the contact pressure 
ofthe overlapping joint range* from approximately 400 to 10,000 psi in order to 
25 optimally provide cmtMct-prvmrm mfflqaatto «ntmii- sealing and p^yyhfr 
enough r esis t ance to w iths t and typical tenaDe and compressive loads. In a 
particularly pr eferr e d embodiment, the seeling members 1340 will ensure an 
adequate fluidk and gaseous aeal in the overlapping Joint 

In a preferred embodiment, th*» ngMwathngr prM^n^ flT ^j flow ofthe non 
30 hardenahtefluidk material 1381 « «m*TYiTi«My ntmp^ h™™ ^ ^ ^^nAMa 
mandrel 1305 reaches the upper end portion 1355 of the tubular member 1310. 
In this manner, the sudden release of pressure caused by the complete extrusion 
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of the tubular member 1310 oflfof the expendable mandrel 1305 can be minimized. 
In i i rir ft r™** »Tn>v*itmpn* l tlw npmtmg pressure is reduced in a substantially 
linear fashion from 100% to about 10% during the end of the extrusion process 
beginning when the mandrel 1305 has completed approximately all but about 5 
6 feet of the extrusion process. 

AH«T Tifltiv frfr or ™ i*nw Kinptifw\ n whnek ahflorber is provided in the support 
member 1345 in order to absorb the shock caused by the sudden release of 

Alternatively, or in combination, a mandrel catching structure ia provided 
10 in the upper cad portion 1855 of the tubular meniber 1310 m c 
least decelerate the mandrel 1305. 

Once the extrusion process is coimjleted, theexpendab 
removedfrom the weBbore 1200. In a prefixed enibodhnea^ 
the removal of the expendable inandrel 1305, the integrity 
15 overlappingjoint between the upper portion 1355 of the tubular member 1310 and 
the lower portion of the casing 1215 is tested using conventional methods. If the 
fluidk seal of the overlapping joint between the upper portion 1355 of the tubular 
member 1310 and the lower portion of the casing 1215 is satisfactory, then the 
uncured portion of the material 1380 within the expanded tubular member 1310 
20 to thenremovrd in n tw^t^™ 1 ™«"™r The material 1380 within t he annular 
region 1390 is then allowed to cure. 

As illustrated in Fig. llf, preferably any remaining cured material 1380 
within the interior of the expanded tubular member 1310 is then removed in a 
conventional manner using a conventional drill string. The resulting new section 
25 of casing 1400 includes the expanded tubular member 1310 and an outer annular 
layer 1405 of cured material 305. The bottom portion of the apparatus 1300 
comprising the shoe 1315inay then be removedby dMlling out the shoe 1315 using 
conventional drilling methods. 

A method of creating a casing in a borehole located in a subterranean 
30 fonnation has been des<*^ 

in the borehole. A body of iluidic material U then injected into the borehole. The 
tubular liner is then radially prr***"* by extruding the liner off of the mandreL 



TTie tryytrng preferably indudes injecting a hardenable fluidic sealing material 
into an annular region located between the borehole and the exterior of the 
tubiilar liner, and ancnhardenahlefhadtt 

tabular liner below the mandrel. The method prefexabfr includes flnidicfr 
5 isolating the annular regkm 
quantity of the nan hardenahle sealing material into the interior region. The 
injecting the hardeneble fluidic eeafing material is preferably provided at 
operating pressures and flow rate 

gaDonatoin. The injecting oT the non hardenable fluidic material is preferably 

10 provided at operatrngpreaBures 

and iO to 8,000 ganonVnifn The ujjectiiuj of the nan harden^ 
is patently provided at reduced openningpreasaiea and flowrates during an end 
portion of the extntdfng. Hie non haidenable fluidic material is preferably 
injected below the mandraL The method iirafeabfrindntopreffiiwgin g B region 

15 ofthe tubular Knar below tbe mandreL Theregtonof the tubular liner bebw the 
mandrel is preferably pressuriiedto preasuresrmngingfhmi about 600 to9 ( 000psi. 
The method preferably induces fluididy isolating an interior region ofthe tubular 
liner from an exterior region of the tubular liner. The method further preferably 
includes curing the hwTriennhto aeating material, and removing at least a portion 
20 ofthe cured BRslingmfiterlal located within the tabular Knar. The method te the r 
preferably mriudes 

The method tetter preferably includes sealing the overlap between the tubular 
liner and the existing wellbare casing. The method further preferably includes 
supporting the extruded tubular liner using the overlap with the existing wellbore 

25 casing. The method further prefer 

the overlap between the tabular liner and the existing weUbore casing. The 
method tether preferably includes removing at bast a portion of the hari enable 
fhiidicsealingniaterial The method tether 

preferably includes lubricating the surface of the mandxeL The method further 

30 preferably includes abeorbing shock. The method tether preferably includes 
catching the mandrel upon the "rnipi^frrn thf *xtn*d™g 



An apparatus for creating a casing in a borehole located in a subterranean 
formation baa been described that includes a support member, a mandrel, a 
tubular member, and a shoe. The support member includes a first fluid passage. 
The mandrel is coupled to the support member and incrttdcaaaecond fluid passage. 

5 The tabula member is c^^ Tbe shoe is coupled to the tubular 

liner and includes a third fluid passage. The first, second and thiid fluid passages 
are operably coupled. The support member preferably fiirther Includes a pressure 
relief passage, and a flow control valve coupled to the first fluid passage and the 
pressure relief passage. The support member further preferably includes a shock 

10 absorber. The support member preferably includes one or more sealing members 
adapted to prevent foreign material rrcm entering anfateriorregkm^ 
member. The mandrel la preferably expandable. The tubular memb er ia 
preferabfyf&ricatedrram 

Country Tubular Goods, 13 chromium steel tubing/raring, and plastic casing. The 
15 tubular member preferably has inner and outer diameters ranging from about 3 
to 15.5 inches and 3.6 to 16 inches, respectively. The tubular member preferably 
has a plastic yield point ranging from about 40,000 to 135,000 psL The tubular 
member preferably includes one or more sealing members at an end portion. The 
tabular member preferably includes one or more pressure relief holes at an end 
20 portion. The tabular member preferably includes a catchin g member at an end 
portion for slowing down the mandrel The shoe preferably includes an inlet port 
coupled to the third fluid passage, the inlet port adapted to receive a plug for 
blo cking the inlet port The shoe preferably is drillable. 

A method of joining a second tubular member to a first tubular member, the 
25 first tubular member having an timer diameter greater than an CAitOT 

the second tubular member, has been described that includes positioning a 
mandrel within an interior region of the second tubular member, positioning the 
first and second tubular members in an overlapping relationship, pressurizing a 
portion of the interior region of the second tubular member, and extruding the 
30 second tubular member off of the mandrel into engagement with the first tubular 
member. The pressurizing of the portion of tha mterior region of the second 
tubular member is pM&rabry provide ate 
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600 to 9,000 paL The pressurizing of the portion of the interior region of the 
s eco nd tubular member is preferably provided at reduced o per a tin g pressures 
during a latter portion off the extruding. The method farther preferably includes 
sealing the overlap between the first and second tubular members. The method 
5 further preferably includes supporting the extruded first tubular member using 
the overlap with the second tubular member. The method ftuther preferably 
indttdas lubricating the surface of the mandrel The method further preferably 
includes abso rbing shock 

AlinerforuaemcreaiiDgang^ 
10 formation adjacent to an already existing notion of wellbore casing has been 
described that in c tnd ea an annular member, snnnlar member includes one or 
more sealing members at an end portion, of the annular member, and one or more 
p r essur e relief passages at an end portion of the annular member. 

A wellbore casing has been described that includes a tubular liner and an 
15 annular body of a cured fluidicaealiiigmftterisJ The tulmlar liner is formed by the 
process of extruding the tubular liner off of a mandrel Hie tubular liner is 
preferably formed by the process of placing the tubular liner and mandrel within 
the weUbore, and pressurizing an Interior portion of the tubular liner. The 
annular body of the cored fluid* sealing material is preferably formed by the 
20 process of injecting a body of hardenable fluidic aaaling material into an ammlar 
region external of the tubular Kner. During the p e aiuiu ong, the interior portion 
of the tubular liner is preferably fluidixiy isolated from an exterior portion of the 
tubular liner. The interior portion of the tubular liner is preferably pressurized 
to pressures ranging from about 500 to 9 V 000 paL The tubular liner preferably 
25 ovexiai* with an existing Th* wellbore easing preferably further 

includes a seal positioned in the overlap between the tubularly 
wellbore casing. Tubular liner is preferably supported the overlap with the 
existing wellborn casing. 

A method of repairing an existing section of a weDbore casing within a 
80 borehole has been described that jndndaa fnrfaiiiti g a tubular liner and n TP fl n d rel 
within the wefflbore caging; injecting a body «f« fHiidi* m^t^rial fatto the borthole, 
pressurizing a portion of an interior region of the tubular liner, and radially 



expanding the liner in the borehole by extruding the liner off of the mandreL In 
a preferred nn 1M™f P* the ffaidfr material 1* aaleeted from the group consisting 
of Blag cement, drilling mud, and epoxy. In a preferred embodiment, the 
method further windm fhiididy isolating an interior region of the tubular liner 
5 from an exterior region of the tabular liner. In a preferred embodime nt, the 
iiqoetfflg of the body frf ihddic material iApm™fed at operating pressures and flow 
rate* ranging from about 500 to 9,000 psi end 40 to 3,000 gallonatom. In a 
preferred ot^i™***, the infrgtrng of the body of fluidic material is provided at 
reduced operatrngpreaaores and flow 
10 In a preferred embodiments 

a preferred embodiment, a region of the tubular liner below the mandrel is 
pressurized. In a preferred embodiment, the region of the tabular liner bekyw the 
mandrel is presaurired to pressures ranging from about 500 to 9,000 pal Ina 
preferred ^^^t the method further includes overlapping the tubular liner 
15 with tb*» -Anting ^aHhnre caging. In a preferred embodiment, the method further 
iflcfariftff sealing the interface between the tabular liner and the existing wellbore 
casing. In a preferred exnbodiment, tto method further unhides supporting the 
extruded tubular liner using the existing wellbore easing. In a preferred 
embodiment, the method 
20 interface between the tubular liner and the existing wellbore c a sing . In a 
preferred embodiment, method further includes lubricating the surface of the 
mandreL In a preferred embodiment, the method further includes absorbing 
shock. In a preferred embodiment, the method further includes catching the 
inandrel upon the oomplation of the extruding. In a preferred embodiment, the 
25 method further includes expanding the mandrel in a radial direction. 

A tie-back Hner for lining an existing wellbore casing has been described 
that includes a tubular liner and an annular body of a cured fluidic sealing 
materiaL The tubular liner is formed by the process of extnidmgtte 
off of a mandr el The annnlar body of a cured fluids 
30 to tte tutelar liner. In a preferred embodiment, the tubular liner is formed by the 
process of placing the tubular liner and mandrel within the wellbore, and 
pressurizing an interior portion of the tubular liner. In a preferred embodiment, 



durififfthepre8sarizing;tte 

from an exterior portion of the tubular liner. In a preferred embodiment, the 
interior portion oftbe tabular liner 
500 to 9,000 psL In a preferred enibodment.tte 
5 sealing material is formed by the pracew of mjeeting a «f WH^nhip fhridic 
sealing material into an annular region between the existing we&borecasm^ 
the tubular liner. In a preferred embodiment, the tubular 1™™- overlaps with 
a not her existing weUbote caging. In a preferred embodiment, the tie*back liner 
fturther includes a seal positioned in the overlap between the tubular lm^ and t^ 
10 other existing weflbore casing. In a preferred embodiment , tubular liner is 
supported by the overlap with the other existing weUbare casing. 

An apparatus for expanding a tubular member has been described tha t 
includes a support member, a mandrel, a tubular member, and a shoe. Tie 
support member includes a first fluid passage. The mandrel is coupled to the 
15 support member. Tie mandrel includes a second fluid passage operably coupled 
to the first fluid passage, an interior portion, and an exterior portion. The interior 
portion of the mandrel is drillable. The tubular member ia coupled to the mandre l 
The shoe is coupled to the tubular member. The shoe includes a third fluid 
passage operably coupled to the second fluid passage, an interior portion, and an 
20 exterior portion. The interior portion of the shoe is drillable. Preferably, the 
interior portion of the mandrel includes a tubular member and a load bearing 
member. Preferably, the load bearing member comprises a drillable body. 
Preferably, the interior portion of the shoe includes a tabular mem 
bearing member. Preferably, the load bearing member comprises a drillable txxfr 
Preferably, the exterior portion of the mandrel comprises an expansion cone 
Prefenwfr the expansion co^ 

consisting of tool steeL titanium and ceramic. PrafowihJy, th« f^wpgrtyrf^n ~^ ft ^ 
a surfece hardness ranging from about 58 to 62 Rockwell C. Preferably at least a 
portion of the apparatus is drillable. 

Al though illustrative embodiments of the invention have been shown a nd 
described, a wide range of modification, changes and substitution ia contemplated 
in the foregoing disclosure. In some im ft m ^ some features of the present 
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invention may be employed without a corresponding use of the other features. 

AOTidingrj, it is appropriate thai the appexafari 

in a manner consistent with the scope of the invention. 



68- 



11, A method of creating a casing in a borehole located in a subterranean 

2 flu illation, comprising: 

3 installing a tubular liner and a mandrel in the borehole; 

4 iigecting fluidic material into theborehole; 

5 pressurizing a portion of an interior region of the tubular liner, and 

6 radially expanding at least a portion of the liner in the borehole by 

7 CTtmding at least a portion of the liner offof themandreL 

12. A method of creating a casing in a borehole located in a aectian of a 
2 subterranean formation, the borehole having an already *^«H«g caging, 

4 drilling out a new section of the borehole adjacent to the already eiisting 

6 caging; 

6 placing a tubular liner and an expandable mandrel into the new section of 

7 the borehole; 

6 overlapping the tubular liner with the already existing casing; 

9 injecting a hardenable fluidic sealing material into an annular region 

10 between the tubular liner and the new section of the borehole; 

11 flnidkbrlaolatingthe annular regkm between the tubular liner and the new 

12 section of the borehole from an interiflrrogim nt tha HiKhUt> Ifrnor 

13 below the mandrel; 

14 injecting a non hardenable fluidic material into the interior region of the 

15 tubular liner below the mandrel; 

IS wrtraftinff Aia tubular Ifawr aIT pf tfafl OTpan^ f KU» mand rel; 

17 sealing the overlap between the tabular liner and the already gristing 

18 casing; 

19 supporting the tubular liner with the overlap with the already existing 

20 casing; 

21 removing the mandrel from the borehole; 



testing the integrity of the sealof the avwiap between the tubiilarKiier and 

the already existing casing; 
removing at least aportion of the hardenabtennidk sealing material from 

the interior of the tubular linen 
curing the remaining portions of the fhxidic hantenable ttuidic sealing 

material; and 
ren^ving at kart a portion of the cuz^ 

within the tabular linn. 

An apparatus for expending a tubuto 

a support member, the support member induda« a lh^ Ibid passage; 
a mandrel coupled to the support member, themandrel tnduding: 

a second fluid passage; 
a tubular member coupled to the mandxel; and 

a shoe coupled to the tubular liner, ^ 

wherein the first, second and third fluid passages axe operabfy coupled. 

An apparatus for expanding a tubular member, comprising: 
a support member, the support member including: 

a first fluid passage; 

a second fluid passage; and 

a flow control valve coupled to the first and second fluid passages; 
an expandable mandrel coupled to the support member, the expandable 
mandrel including a third fluid passage coupled to the first fluid 

a tubular member coupled to the mandrel, the tubular member including 

one or more ppfttfag dements; 
a shoe coupled to the tubular member, the shoe i n c l uding : 

a fourth fluid passage coupled to the third fluid passage, the fourth 

fluid parage adapted to receive a stop member, and 
one or more exhaust passages coupled to the fourth fluid passage for 
injecting fluidfc material outride of the shoe; and 
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16 at least one sealing member coupled to the support member, the sealing 

17 member adapted to prevent the entry of fareign material into an 

18 interior regkmcf the tubular member. 

1 5. A method of joiningasecozid tubular 

2 first tubular member 

3 the second tubular ttiftrniwrp ^ c m i ip nsing ! 

4 positioning a mandrel within an interior region of the second tubular 

5 mHHil**r; 

6 pressurizmgaportiontf^ 

7 and 

8 extruding the second tabular member off of the mandrel into engagement 

9 with the firsttubular member, 

1 6. A tubular liner, comprising: 

2 an annular member, the annular member including: 

3 one or more sealing members at an end portion of the annular 

4 member; and 

5 one or inore pleasure relief passagn 

6 member. 

1 7. A wellbore casing, comprising: 

2 a tubular liner, the tubular liner formed by the process of; 

3 extruding the tubular Hner off of a mandrel; and 

4 an annular body of a cured fhiidic sealing material coupled to the tubular 

5 hner. 

1 8. A tie-back liner for Ening en existing wellbore casing, comprising: 

2 a tubular liner, the tubular liner formed by the process o£ 

5 ej±rudragatleagtaportionofthetu^ 

4 an annular body of a cured fhiidk gating material coupled to the tubular 

6 liner. 
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1 9. An apparatus for expanding a tubular mem ber, comprising: 

2 a support member including a first fluid passage; 

3 a mandrel coupled to the support member, the mandrel induding: 

4 a second fluid passage operably coupled to the first fluid passage; 

5 an interior portion; and 

6 an exterior portion; 

7 wherein the interior portion of the mandrel is unliable; 
g P ™ ^pmftihU faiVmlAT member coupled to the mandrel; and 

9 a shoe coupled to the tirtnil*** member, the shoe including: 

10 a third fluid passage operably coupled to the second fluid passage; 

11 an interior portion; and 

12 an exterior portion; 

13 wherein the interior portion of the shoe is drillabie. 
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